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ABSTRACT OF THESIS 
 
 
 
 
SUSPENDED SEDIMENT AND PATHOGEN TRANSPORT IN TWO INNER BLUEGRASS 
KARST GROUND-WATER BASINS, WOODFORD COUNTY, KENTUCKY 
 
 Multiple parameters were monitored during an 18-month period in two karst ground-
water basins in Woodford County, Kentucky, in order to assess the effects of land use on water 
quality.  Blue Hole Spring drains a primarily urban area, whereas spring SP-2 drains an 
agricultural area.  Water-quality parameters were monitored manually weekly or biweekly, as 
well as more frequently during storms.  Discharge (Q), temperature (T), specific conductance 
(SC), and turbidity were continuously monitored and logged at 15-minute intervals.  It is 
hypothesized that pathogen and sediment concentrations would be lower at SP-2 than at Blue 
Hole Spring due to differences in land use between basins.   
Average Q was greater at Blue Hole than at SP-2, and SC values were greater at Blue 
Hole than at SP-2 for 70 of 71 sample sets.  During two monitored storms, as Q increased, SC 
decreased and turbidity increased.  Biweekly Blue Hole fecal coliform (FC), total coliform (TC), 
and atypical colonies (AC) values averaged 160, 3,600, and 40,000 cfu/100 mL, respectively, 
and fluctuated more than at SP-2.  Biweekly SP-2 FC, TC, and AC values averaged 130, 2,000, 
and 8,300 cfu/100 mL, respectively.  Biweekly values for AC/TC averaged 14.29 at Blue Hole 
and 6.27 at SP-2.  AC/TC ratios were greater at Blue Hole than at SP-2 for 29 of 31 biweekly 
sample sets.  There is a statistically significant difference between the biweekly data sets from 
the two sites, as well as between data collected under WET and NORMAL flow conditions at 
each site.  Male-specific coliphage (MSP) was detected in most samples collected from Blue 
Hole, but was never detected at SP-2. 
 Given the proximity of the basins, differences in water quality appear to reflect 
differences in land use, as hypothesized.  Results were similar to other studies in the Inner 
Bluegrass region.  For both Blue Hole and SP-2, wet weather was associated with changes in 
certain parameters.  This study has also shown that the AC/TC ratio appears to be a valid tool for 
determining the source of contamination within karst ground-water systems as well as in surface 
water. 
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Chapter 1 
Introduction 
 
1.1 Background 
Hydrologists and public health officials have worked for many years to accurately assess 
pathogen levels in surface waters in order to predict possible adverse effects to human health.  
To this end, various microbiological indicators (e.g., coliform bacteria) have been employed with 
mixed results to help estimate the disease risk of water.  In addition, suspended sediment has 
been recognized as playing a significant role as a contaminant and as a vector for the transport of 
other contaminants, including pathogens.  Only recently have ground-water systems come under 
the same scrutiny.  Whereas clastic porous-media aquifers can act as “filters” by retarding the 
transport of contaminants through sorption and partitioning, the same cannot necessarily be said 
for karst ground-water systems.  
Approximately 15% of the land area of the contiguous United States and 38% of 
Kentucky is underlain by soluble rocks, of which limestone is the most significant to the 
development of karst features (Aley, 1984).  Karst landscapes are characterized by the 
development of features such as sinkholes, caves, and springs (Figure 1.1).  Ford and Williams 
(1989) estimated that karst aquifers supply approximately 25% of the global population with 
drinking water.  As well as contributing to municipal and rural water supplies, karst aquifers 
sustain stream flow and support fragile ecosystems.  Transport of pollutants in karst aquifers is 
enhanced by the development of preferential flow paths (conduits) through the dissolution of the 
carbonate bedrock.  The rapid flow rates associated with conduits allow little opportunity for 
filtration by or sorption to the aquifer matrix (Ryan and Meiman, 1996).  Karst aquifers are, 
therefore, at particular risk of nonpoint-source pollution from urban and agricultural runoff.   
Contaminant transport in karst aquifers is influenced by five factors as outlined by Ford 
and Williams (1989).  The surface area available for adsorption and ion exchange is less in karst 
aquifers than in clastic aquifers.  Rapid infiltration into karst aquifers reduces the amount of time 
for evaporation.  Due to the development of conduits and the relatively thin soils often associated 
with karst aquifers, physical filtration of contaminants is ineffective.  Particulate matter is readily 
transported through karst aquifers as a result of turbulent flow regimes common in conduit 
systems.  Finally, adsorption-desorption processes are retarded because of rapid flow-through 
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times associated with conduit development.  Thrailkill (1989) noted that in shallow-flow-conduit 
karst aquifers, surface sediment can be transported and stored within the system.  This process 
can decrease aquifer permeability, fill in wells, and interfere with pump performance (Mahler 
and Lynch, 1999).  Sediment moving through a karst aquifer can therefore act as a contaminant 
and as a vector for the transport of organic contaminants, nutrients, or bacteria. 
 
1.2 Research Objectives 
The purpose of this study was to determine the relationship between pathogen and 
suspended sediment transport in urban and agricultural karst basins in the Inner Bluegrass 
Region of Kentucky.  It is hypothesized that pathogen and sediment concentrations would be 
lower at SP-2 than at Blue Hole Spring due to differences in land use between basins 
(agricultural for SP-2 and predominantly urban for Blue Hole). Therefore, spring discharge, 
pathogen concentrations, and other water-quality parameters were monitored during base and 
storm flow.  In addition, bed and suspended sediments were collected from the contributing sinks 
and the subject springs, respectively. 
   
1.3 Study Area 
The areas of study are within the Blue Hole and SP-2 karst basins located in Woodford 
County, Kentucky (Figure 1.2).  Blue Hole Spring (Figure 1.3) emerges at the Versailles sewage 
treatment plant approximately 1 km west of downtown Versailles, Kentucky (2000 population 
7,511; U.S. Census Bureau, 2000).  Blue Hole forms part of the headwaters of Glenns Creek, 
which empties into the Kentucky River in Franklin County.  Dye traces performed in the area 
have shown that the sources of recharge for Blue Hole spring include Big Spring swallet, located 
in downtown Versailles, and Cleveland sink, located on a farm approximately 2.2 km southeast 
of downtown (Currens et al., 2002; Figure 1.4).  Spring SP-2 (Figure 1.5) is located on the 
property of the University of Kentucky Animal Research Center (ARC) approximately 4 km 
north of Blue Hole.  SP-2 forms the headwaters of Camden Run, which empties into Glenns 
Creek.  Sources of recharge for SP-2 have been identified through dye traces to be an unnamed 
sink and swallet approximately 1.5 km north of SP-2 (Currens et al., 2002; Figure 1.4).  Water at 
SP-2 discharges from the orifice, which is covered by a spring house.  Approximately 10 m 
downstream of the spring house, additional orifices have opened and are most active during and 
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after rain events.  Further downstream from SP-2, a V-notch weir was constructed in 1999 by the 
Kentucky Geological Survey for use in an ongoing water-quality monitoring program.  Blue 
Hole and SP-2 drain areas of similar physiography and size but of different land use.  Blue Hole 
drains land of primarily urban use, while SP-2 drains row crop and pasture lands. 
 
1.4 Literature Review 
Indicator bacteria are groups of organisms that are used to assess the disease risk of 
water.  Currently, coliform bacteria are the most widely used bacterial indicators.  Coliform 
bacteria are composed of two groups belonging to the family Enterobacteriaceae:  total coliform 
(TC) and fecal coliform (FC) (Madigan et al., 2003).  Coliform bacteria are found in large 
numbers in the soil, in the intestinal tract of warm-blooded animals, and in their feces.  The 
World Health Organization (WHO) drinking water standards are currently set at 100 colony-
forming units (cfu)/100 mL for TC and 0 cfu/100 mL for FC (World Health Organization 
[WHO], 1984).  Primary recreational skin contact levels for FC in the state of Kentucky are set at 
200 cfu/100 mL from May through October and 1000 cfu/100 mL from November through April 
(U.S. Environmental Protection Agency [USEPA], 1998).  Currently, primary recreational skin 
contact levels have not been set for TC since a disease risk associated with skin contact at a 
specific TC concentration has not been found. 
The TC group of bacteria includes all aerobic and facultative anaerobic, gram-negative, 
non-sporeforming, rod-shaped bacteria that ferment lactose within 24 hr at 35°C (American 
Public Health Association [APHA], 1989).  The TC group of bacteria is comprised of the 
common intestinal organisms Escherichia coli and Citrobacter freundii; the less common 
intestinal organism Klebsiella pneumoniae; and Enterobacter aerogenes, an organism not 
commonly associated with the intestinal tract (Madigan et al., 2003). 
 Two members of the TC group of bacteria, Escherichia coli and Klebsiella pneumoniae, 
make up the FC group.  The FC group of bacteria include all aerobic and facultative anaerobic, 
gram-negative, non-sporeforming, rod-shaped bacteria that ferment lactose in 24 hr at 44.5°C 
(APHA, 1989).  The ability to ferment lactose at the elevated temperature of 44.5°C separates the 
FC group from the TC group.  FC is a more accurate indicator of fecal contamination by warm-
blooded animals than TC (Bitton, 1999). 
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A third group of bacteria, atypical colonies (AC), have been examined as a possible 
indicator of fecal contamination in surface waters.  AC were thought of for many years only as a 
nuisance because they grew on the same media as TC and therefore interfered with TC analysis.  
Recently, however, AC concentrations have been found to be a critical input parameter in neural 
networks designed to predict the origins of fecal pollution in surface watersheds (Brion and 
Lingireddy, 1999).  In addition, the ratio of AC counts to TC counts have shown promise as a 
predictor of FC levels in a major waterway in Kentucky (Nieman and Brion, 2003).  AC have 
been identified as Aeromonas spp., Salmonella spp., Pseudomonas spp., and Vibrio spp. by Brion 
and Mao (2000), who also suggested that many AC were actually TC colonies that had lost their 
ability to ferment lactose in 24 hr due to environmental stress.  Aeromonas spp. shares two traits 
with TC:  it produces the enzyme galactosidase and also has the ability to ferment lactose.  The 
other groups of bacteria that have been identified as AC are all human pathogens, therefore 
making it unlikely that they would be the dominant groups of AC in the environment.  A species 
of Aeromonas, specifically Aeromonas hydrophilia, was found most often among TC on various 
media (Brion and Mao, 2000; Grabow and DuPreez, 1979).  While the importance of the AC 
group of bacteria as a possible indicator of fecal contamination is being explored in surface 
waters, it has not, as of yet, been assessed in karst ground-water systems. 
Bacteriophages that infect coliforms (coliphages) have also been considered as potential 
indicators of fecal contamination in natural waters.  Havelaar et al. (1990, 1993) proposed F-
specific RNA coliphages (F+ RNA) as indicators of sewage.  Brion et al. (2002) found that Type 
III F+ RNA was “reliably related” to uncontrolled inputs of human fecal matter within the 
watershed of Jacobson Reservoir in Fayette County, Kentucky.  Cole et al. (2003) found that 
various subgroups of F+ RNA coliphages were associated with different sources of animal and 
human fecal contamination.  For example, municipal wastewaters had high proportions of group 
II and III F+ RNA, while swine wastewaters were marked by group I and III F+ RNA.  However, 
differential survival may affect the relative abundances of F+ RNA subgroups. 
Several studies have examined the survival and transport of pathogens within karst 
aquifers in Kentucky and elsewhere.  In addition, a few of these studies attempted to correlate 
their findings to land use.  For thirteen springs in the Inner Bluegrass, Scanlon (1990) observed 
FC and TC concentrations exceeding the World Health Organization’s drinking water standards.  
Howell et al. (1995) observed springs and wells in Fleming County, Kentucky, within a 
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watershed draining primarily pasture used for domestic cattle grazing.  In two of the springs 
monitored, 29% of samples analyzed for FC prior to cattle introduction and 80% of samples 
analyzed after cattle introduction exceeded the United States Environmental Protection Agency 
(USEPA) standards for bacterial contamination of primary contact water (200 cfu/100 mL).  
Pasquarell and Boyer (1995) found that FC concentrations in a ground-water basin draining 
agricultural land in West Virginia were controlled by soil-water content, which varied 
seasonally.  FC concentrations peaked in the summer when soil water content was sufficient to 
transmit bacteria to the ground water, declined in the typically dry fall, and rebounded in late 
winter.  Pasquarell and Boyer (1995) attributed this trend to the storage of fecal material during 
dry periods until soil-water conditions were more favorable for transmission of bacteria to 
ground water.  Felton (1996) found that within the Garrett’s Spring ground-water basin in 
Fayette, Jessamine, and Woodford counties, Kentucky, consisting of 59% cattle farms, horse 
farms, and golf courses, FC averaged 1700 cfu/100 mL, while fecal streptococcus (FS) averaged 
4300 cfu/100 mL.  For karst aquifers in northwest Arkansas, Marshall et al. (1998) found FC 
concentrations as high as 49,000 cfu/100 mL immediately after intense storms and as low as 0 
cfu/100 mL during base flow. 
Numerous studies have characterized the movement of suspended sediment through karst 
ground-water basins during dry weather and storm events.  For a well-developed karst network 
in the Swiss Jura Mountains, Atteia and Kozel (1997) observed that colloid transport varied with 
the pH and water temperature, while larger particles were controlled by discharge.  These trends 
were attributed to the re-suspension of sediments from within the aquifer.  For a karst aquifer in 
Oak Ridge, Tennessee, Shevenell and McCarthy (2002) attributed colloid mobilization to 
decreasing ionic strength from the mixing of formation water with fresh water during small 
storms and to increasing pH during large storms.  For Barton Springs in central Texas, Mahler 
and Lynch (1999) observed that a change in aqueous chemistry coincided with a peak in total 
suspended solids (TSS) and attributed this to the arrival of surface water after storms.  
Quantitative investigations into the relationship between pathogens and suspended 
sediment have been relatively few.  Ryan and Meiman (1996) correlated FC and turbidity peaks 
in Big Spring in Mammoth Cave National Park, Kentucky.  Gunn et al. (1997) also observed 
similarities in the timing of peaks of FC, FS, and turbidity in the Castleton karst (England).  
Based on studies in northwest Arkansas, Marshall et al. (1998) developed a conceptual model in 
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which pathogens alternate between (1) being suspended and transported during turbulent storm 
pulses, (2) settling out during storm-flow recession, and (3) being associated with relatively 
immobile sediment during base flow.  By monitoring ground water in two wells during a 
pumping test in the Lez basin in France, Mahler et al. (2000) determined that as much as 50% of 
fecal coliforms were associated with suspended sediment.  This percentage increased to 100% at 
various times during storms as a result of the influence of nearby surface waters.  In addition to 
bacteria, viruses have also been shown to concentrate by adsorption onto particles (Wellings, 
1974). 
A previous study at Blue Hole Spring in Woodford County, Kentucky began in February 
2001 with weekly monitoring of discharge (Q), stage, specific conductance (SC), and 
temperature (T); pH was added in September 2001.  McFarland (2003) found Q values ranging 
from ~0.03 m3/s during base flow to 2 m3/s during storms.  SC values ranged from 640 to 745 
μS/cm during base flow and from 400 to 500 μS/cm during storms.  In June 2001 automatic 
logging of stage and T began and a rating curve was developed to correlate stage and Q. 
An ongoing study at SP-2 first monitored water quality in March 1992 (Keagy et al., 
1993).  Since October 1996, biweekly sampling at SP-2 has focused on TC, FC, FS, SC, pH, T, 
and TSS, among other parameters (Taraba et al., 2001).  FC was at a maximum of 8500 cfu/100 
mL during 1997-1998 monitoring and has not shown seasonal trends in concentrations.  Since 
October 1999, composite samples have been collected during storm events at a weir (ST2) 
constructed below SP-2.  TSS at SP-2 has averaged 300 mg/L for Q values up to 1.4 m3/s 
(unpublished data, J.L. Taraba, Department of Biosystems and Agricultural Engineering, 
University of Kentucky, 2002). 
 
1.5 Regional Geology 
 The Inner Bluegrass region consists of Middle to Upper Ordovician carbonate rocks of 
the High Bridge Group, Lexington Limestone, and the Clays Ferry Formation deposited along 
the Lexington Platform.  The karst terrain of the Inner Bluegrass region is a result of these rocks 
being exposed at the crest of the Cincinnati Arch (Figure 1.6) (Daugherty, 1985).  The Cincinnati 
Arch was first developed during the Taconic orogeny and then modified during the Acadian and 
Alleghanian orogenies (Ettensohn, 1992).  The Cincinnati Arch dips to the east and the west 
away from the crest at an average of 3.8-5.7 m/km (20-30 ft/mi).  Two dome structures, the 
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Jessamine Dome and the Nashville Dome, were breached and eroded and now form the 
Nashville basin in Tennessee and the Bluegrass region in Kentucky.  These topographic lows, 
separated by the Cumberland saddle, are bordered by escarpments as much as 122 m (400 ft) in 
height. 
 
1.6 Local Stratigraphy 
 The Lexington Limestone is a Middle to Late Ordovician sequence of fossiliferous 
limestone with minor shale layers that disconformably overlies the Tyrone Formation of the 
High Bridge Group and is conformably overlain by the Clays Ferry Formation.  The Lexington 
Limestone is divided into 11 members (Figure 1.7).  The basal Curdsville Member is a non-
fossiliferous, bioclastic calcarenite and calcirudite deposited in a shoal-sandbelt environment 
(Cressman, 1973).  The Curdsville Member is overlain by the Logana Member everywhere but in 
southern Fayette County, where it is overlain by the Grier Member.  The Logana Member is 
divided into three sub-units:  a lower unit of interbedded calcisiltite and shale; a middle unit of 
brachiopodal coquina with thin calcisiltites; and an upper shale unit (Cressman, 1973).  The 
Grier Member is predominantly a thin and irregular, poorly sorted, fossiliferous limestone unit 
consisting of argillaceous calcarenite and interbedded shale indicative of a shallow, open-marine 
environment (Ettensohn, 1992; Cressman, 1973).  The Tanglewood Member is an extensive unit 
of coarse-grained, bioclastic, and phosphatic calcarenite and calcirudite indicative of a high-
energy shoal environment (Ettensohn, 1992; Cressman, 1973).  The Brannon Member consists of 
an interbedded argillaceous calcisiltite and calcareous shale that Cressman (1973) noted as 
forming shallow perched aquifers in the region.  The Sulphur Well Member is a lenticular-
bedded, bryozoan-rich limestone interbedded with shale (Cressman, 1973).  The Devils Hollow 
Member is composed of a coquinite unit, a shale-rich micrite unit, and a fossiliferous ostracod-
containing unit (Kasl, 2001).  The Strodes Creek Member is an interbedded micro-grained 
carbonate and shale (Kasl, 2001).  Finally, the Millersburg Member is an irregularly bedded 
fossiliferous limestone and shale unit that intertongues with the Tanglewood Member and the 
overlying Clays Ferry Formation (Ettensohn, 1992). 
 
 
 
7
1.7 Local Physiography and Climate 
 Located in the Inner Bluegrass region of Kentucky (Figure 1.8), Woodford County 
contains gently rolling topography with elevations ranging from 305 m (1000 ft) on a ridge 
southeast of Versailles to 143 m (469 ft) at the Kentucky River (Carey and Stickney, 2001).  
Surface drainage in Woodford County ultimately ends up in the Kentucky River, which forms 
the western boundary of the county.  Grier’s Creek and Clear Creek flow southwest to the 
Kentucky River and provide the surface drainage for the southern half of the county.  The 
majority of the surface drainage in the northern part of the county is taken up by Buck Run and 
Glenns Creek, which also drain to the Kentucky River.   
 The climate of Woodford County ranges from warm summers to cold winters with 
distinctive spring and autumn seasons.  Average January temperatures range from -4˚C (25˚F) to 
5˚C (41˚F), while average July temperatures range from 19˚C (66˚F) to 30˚C (86˚F).  The 
average annual temperature is 13˚C (55˚F).  Annual precipitation averages approximately 112 
cm (44 in.), with 33 cm (13 in.) falling as snow (Clements, 1990). 
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Figure 1.2.  Woodford County, Kentucky, showing the locations of Blue Hole and SP-2.  
Inset shows regional view with Woodford County highlighted in red. 
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Figure 1.4.  Blue Hole and SP-2 (WSP-2) karst basins (Currens et al., 2002). 
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Figure 1.6.  Regional geology of Kentucky (Ettensohn, 1992).  Note:  white square near  
center of figure indicates approximate location of study area. 
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Figure 1.7.  Stratigraphic column for the Lexington Limestone (Ettensohn et al., 2004). 
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Chapter 2 
Methods 
 
2.1 Stream Discharge, Stage, and Flow 
Stage and discharge were monitored at Blue Hole and SP-2 from October 1, 2002, 
through April 7, 2004, in order to record responses to rainfall and seasonal variations, and to 
document differences between each site.  At Blue Hole, discharge was manually measured 
weekly, unless low flow prevented accurate readings.  Stream gauging was performed during 
base flow following the method outlined by Rantz et al. (1982).  This method requires 
measurements of width, depth, and velocity at set intervals across the stream channel.  For this 
study, measurements were taken by wading with a Flo-Mate Model 2000 current meter and top-
setting rod (Marsh-McBirney, Frederick, Maryland) at an interval of 6 in (15 cm) across the 
stream.  The top-setting rod, consisting of a 0.5-in (1.3-cm) hexagonal rod for measuring depth 
and a 0.375-in (0.95-cm) round rod for setting the position of the current meter, uses the six-
tenths depth method, by which the velocity of a vertical section at 0.6 times the depth of the 
stream is taken as the mean velocity of the entire vertical section (Rantz et al., 1982).  Discharge 
is then calculated as Q = Σ (a×v), where Q is the discharge (m3/s), a is the cross-sectional area of 
a portion of a transect across the stream, and v is the mean velocity of the flow normal to the 
cross section. 
 Stage at Blue Hole was continuously monitored at 15-min intervals during the monitoring 
period.  Stage was measured using a pressure transducer placed in a stilling well along the spring 
run, which was connected to a Tumut Gadara Corporation datalogger.  The stilling well was 
constructed with 3-in (7.5-cm [nominal]) schedule-40 PVC pipe and secured on the stream bank 
with a sign post.  The original stilling well was replaced because it used 1.5-in (3.8-cm 
[nominal]) PVC pipe and was not large enough for additional instrumentation.  The pressure 
transducer was calibrated in the laboratory prior to installation at the spring by placing it in a 3-in 
(7.5-cm [nominal]) pipe with the bottom sealed.  Water was then added to the pipe and the depth 
of water was determined with a water-level indicator.  A calibration curve was generated by 
plotting the depth readings versus the transducer readings (Figure 2.1).  Stage readings were 
downloaded weekly using the program FLDC1.5 (EEI, Las Cruces, NM).  Discharge was then 
correlated to stage in order to construct a discharge-rating curve for Blue Hole Spring (Figure 
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2.2).  Stage measurements and the resulting discharge-rating curve in this study build upon the 
same measurements begun by McFarland (2003) in June 2001.   
McFarland (2003) documented several features at Blue Hole that complicated the 
accurate estimation of stage and discharge.  During the construction of the Versailles sewage 
treatment plant, the spring run was rerouted and channelized, and an island was created 
approximately 2 m downstream from the orifice.  Also during the construction, a sewer line, 
shown in Figure 1.3, was installed across the spring run approximately 2 m downstream of the 
island.  These two features disrupt flow upstream of the stilling well and the stream-gauging 
transect.  Flow is split and directed around either side of the island and around the footers 
supporting the sewer pipe before finally coming together farther downstream.  Also affecting 
flow is the growth of watercress in the channel during warmer months.  The watercress raises the 
measured stage in the spring run and splits flow across the channel.  This yields lower discharge 
values than when the watercress is not present during winter months.  The watercress was 
therefore manually removed from the channel periodically in order to counteract this effect. 
Stage and flow at SP-2 were monitored at 10-min intervals using an ISCO flow meter 
(ISCO, Lincoln, NE).  A pressure transducer installed behind a V-notch weir was attached to the 
flow meter.  Flow was then calculated from the stage values based on pre-determined 
specifications for the site. 
 
2.2 Water Quality 
Water-quality parameters were monitored through continuous monitoring, biweekly 
sampling, and weekly manual measurements.  SC, T, and pH were monitored at Blue Hole and 
SP-2 to document seasonal variations at each site, differences between sites, and changes 
associated with storm water moving through the system.  Weekly manual measurements of SC, 
T, and pH were taken beginning in September 2002 and continuing through April 2004.  At Blue 
Hole, beginning in December 2002, SC and T were continuously monitored using a Campbell 
Scientific CS547A conductivity and temperature probe (Campbell Scientific, Logan, UT).  
Turbidity data were collected at Blue Hole using a D&A Instruments OBS-3 suspended solids 
and turbidity monitor.  SC, T, and turbidity data were collected at 60-min intervals until April 23, 
2003, when the interval was changed to 15 min in order to achieve better resolution during rain 
events.  SC, T, and turbidity data collected at Blue Hole were stored in a Campbell Scientific 
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CR10X datalogger.  In January 2003, collection of turbidity data at SP-2 began via an OBS-3 
turbidity monitor from D&A Instruments.  Due to problems with obtaining and calibrating the 
equipment, continuous monitoring of SC and T did not begin at SP-2 until August 2003.  
Continuous monitoring of pH was added at both sites in July 2003.  Air temperature was 
recorded at the ARC at 60-min intervals (UK Agricultural Weather Center, 2004).  
 In December 2002, sampling began at both sites for FC, TC, AC, and male-specific 
coliphage (MSP).  Grab samples were taken biweekly at each site using sterilized 1-L 
polypropylene bottles for FC, TC, AC, and MSP.  Samples were placed on ice and transported to 
the University of Kentucky.  Analysis was initiated within 6 hr of sampling for FC, TC, and AC 
and within 24 hr for MSP.  Analysis for FC, TC, and AC used membrane-filtration techniques as 
described in Standard Methods (APHA, 1989). 
 
2.3 Membrane Filtration 
 Membrane filtration provides an easy, reproducible method to examine waters aseptically 
for the presence and concentration of bacteria (APHA, 1989).  Sterilized equipment consisting of 
beakers, a vacuum apparatus, filtration unit with funnel, forceps, dilution bottles, and filters were 
used in this procedure.  After a 0.45-µm membrane filter was placed on the filtration unit and the 
funnel was clamped into position, 20 mL of peptone water (Difco catalog number 1807-17-4) 
were dispensed into the funnel as a dilutant.   At this point the sample was added to the funnel, 
filtered under partial vacuum, and rinsed with an additional 20 mL of peptone water.  The filter 
was then removed and placed in a petri dish containing a pad soaked in the specific media for the 
bacteria of interest.  Replicate samples were run on all dilutions and final concentrations were 
calculated using the average count from the two replicates.  Bacterial colonies were only counted 
if the petri dish contained between 10 and 100 colonies. 
 
2.4 Total Coliform and Atypical Colonies 
 The total coliform test involves culturing the bacteria on mEndo broth (Difco catalog 
number 0749-17-7), a medium specific for total coliform.  The medium was prepared by 
combining 24 g of dehydrated mEndo broth, 500 mL of deionized water, and 10 mL of ethanol 
(100% grain alcohol) in a flask and heating to a boil on a magnetic stirrer/heating plate.  The 
flask was removed from heat upon boiling and allowed to cool.  The medium was stored under 
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refrigeration and was used within 96 hours.  When ready for use, 2 mL of medium were 
dispensed into a petri dish containing an absorbent pad.  To prevent contamination this process 
was performed under a fume hood with sterile pipettes.  The medium was dispensed into two 
petri dishes per dilution (one per dilution + duplicate). 
 After filtration by the membrane filtration technique described above, the filter was 
applied to the medium-soaked pad and the dish was sealed and tapped on the table to evenly 
distribute the medium.  After the filters were applied, the dishes were inverted and placed in a 
35°C ± 5°C incubator for 22-24 hours.  Three classifications of bacterial colonies will grow on 
mEndo medium:  total coliform (TC) colonies are red to dark pink with a metallic sheen (Figure 
2.3); atypical colonies (AC) are light pink or red without a metallic sheen; and background 
colonies are white or colorless. 
 
2.5 Fecal Coliform 
 The fecal coliform test was performed using the membrane filtration technique described 
above and mFC broth (Difco catalog number 0883-17), a medium specific for Escherichia coli.  
The medium was prepared by combining 18.5 g of dehydrated mFC broth, 5 mL of a 1% rosalic 
acid (Difco catalog number 3328-09-01) solution, and 500 mL of deionized water.  The 1% 
rosalic acid solution, added to suppress bacterial growth not associated with mFC medium, was 
made by combining 1 g rosalic acid with 100 mL of 0.2N NaOH.  After the medium was brought 
to a boil it was removed from the heat and allowed to cool.  When ready for use, 2 mL of 
medium were dispensed into a petri dish containing an absorbent pad.  As with TC, to prevent 
contamination this process was done under a fume hood with sterile pipettes.  The medium was 
dispensed into two petri dishes per dilution (one per dilution + duplicate). 
 Following membrane filtration, the filter was applied to the medium-soaked pad and the 
dish was sealed.  The petri dishes were then inverted and placed in a 44.5°C ± 0.2°C incubator 
for 22-24 hr.  Two classifications of bacteria will grow on mFC medium:  fecal coliform (FC) 
colonies are blue (Figure 2.4) and non-fecal coliform colonies are gray to yellow. 
 
2.6 Male-specific Coliphage (MSP) 
The methodology for the detection of MSP is described by EPA method 1602:  Male-
specific (F+) and Somatic Coliphage in Water by Single Agar Layer (SAL) Procedure (USEPA, 
20
2001).  Log-phase host bacteria (E. coli Famp) stock cultures were prepared according to section 
7.5.4 of EPA Method 1602.  1.0 mL of E. coli Famp host bacterial stock was added to a 125-mL 
shaker flask containing 25 mL of tryptic soy broth (TSB) with ampicillin/streptomycin 
(amp/strep).  The bacterial host cultures were then incubated at 36°C ± 1°C on a shaker table set 
to 125 rpm until the cultures were opalescent (pearly) in appearance, indicating log-phase 
growth.  The cultures were then stored at 4°C ± 1°C and used within 48 hr. 
Preparation of double-strength tryptic soy agar (2× TSA) media was carried out in 
accordance with section 7.3 of EPA Method 1602 (USEPA, 2001).  2× TSA was prepared by 
adding 18 g of agar per liter of reagent water.  The mixture was then heated until completely 
dissolved and autoclaved for 15 min at 121°C and 15 psi.  After cooling to 48°C ± 1°C, 20 mL of 
amp/strep were added to 1 L of 2× TSA.  The 2× TSA was kept between 45°C and 48°C in a 
water bath and used the same day. 
Sample analysis for MSP was carried out in compliance with section 12 of EPA Method 
1602:  Single Agar Layer (SAL) Procedure for Sample Analysis (USEPA, 2001).  100 mL of 2× 
TSA with amp/strep were added to a 250-mL flask and allowed to equilibrate in a water bath to 
between 45°C and 48°C.  A 100-mL aliquot of sample was transferred to a 250-mL flask.  100 
mL of reagent water were also transferred to a 250-mL flask to act as a temperature flask.  0.5 
mL of stock MgCl2 (aq) was added to the sample flask.  The sample flask and temperature flask 
were placed in a water bath until the temperature flask reached 36°C ± 1°C.  10 mL of log-phase 
E. coli Famp were added to the sample flask (see above for preparation of log-phase E. coli Famp 
host) and an additional 10 mL of reagent water were added to the temperature flask.  The 
temperature flask and the sample flask were then transferred to a 45°C to 48°C water bath. 
When the temperature flask reached 43°C, the contents of the sample flask were 
combined with the 2× TSA containing amp/strep.  This mixture was kept in the 45°C to 48°C 
water bath for a minimum of 3 min before plating.  The mixture was then poured into 100-mm-
diameter petri dishes at approximately 20 mL per dish.  After the agar was allowed to harden, the 
petri dishes were covered, inverted, and incubated for approximately 24 hr.  After 24 hr all 
plaques in the plate series were counted to arrive at the total plaque-forming units (PFU) per 100 
mL of sample. 
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2.7 Bed and Suspended Sediment Sampling 
 Characterization of bed and suspended sediments included determination of mineralogy, 
grain size, petrology, and total organic carbon (TOC).  Bed-sediment samples were taken in 1-L 
Nalgene bottles at SP-2 and its contributing sinks.  Storm samples were taken at SP-2 on 
September 2, 2003, and March 6, 2004, by wading into the stream at 30-min intervals and 
submerging 20-L Nalgene carboys.  Carboy samples were not collected at the same location for 
both storms.  During the September storm, samples were collected at a point downstream of all 
the major spring orifices in order to capture a composite of water and sediment from all the 
outlets.  During the March storm, samples were collected from one boil created at one orifice.  
The sets of samples were returned to the University of Kentucky and allowed to sit for 62 and 30 
days, respectively, to allow clay particles to settle.  After settling, the top 18-19 L of water in 
each carboy were pumped off and the sediment was re-suspended in the remaining 1-2 L of 
water.  The suspension was then transferred to pre-weighed plastic bottles and dried in an oven at 
30˚C for 48 hr.  To estimate the mass of sediment in each carboy, the dried samples were 
weighed before being transferred to 125-mL Nalgene bottles for storage.  In addition, 1-L 
samples were taken at SP-2 and analyzed for TSS following procedures outlined in Standard 
Methods (APHA, 1989).  1-L samples were also taken at Blue Hole via an ISCO automated 
sampler during the September 2, 2003, and the March 6, 2004, storms and analyzed for total 
suspended sediment (TSS).  1-L samples were analyzed by pouring 200-mL aliquots through 
pre-weighed 1-μm glass-fiber filters.  The filters were then dried overnight at 180˚C, returned to 
room temperature, and re-weighed.  The difference between the initial and final weight was 
recorded as TSS. 
 
2.8 Particle Size 
 Particle size was determined for bed sediment at SP-2 and its contributing sinks and for 
suspended sediment from SP-2 collected during the September 2003 and March 2004 storms.  
Particle size of suspended sediment was determined through laser light scattering at the Center 
for Applied Energy Research (CAER) using the Cilas 1064 Quanta Chrome Liquid Particle Size 
Distribution Analyzer.  Bed-sediment particle size was determined by sieve.   
Sieve analysis was completed by passing each sample through 4-mm, 2-mm, 1-mm, 355-
μm, 250-μm, 125-μm, 90-μm, and 63-μm sieves by shaking for 10 minutes on a Ro-Tap Sieve 
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Shaker.  The percent passing was calculated by subtracting the percent of the total weight 
retained on each sieve, following Bowles (1970). 
  
2.9 Mineralogical Analysis of Sediments 
 Bed and suspended-sediment samples were run on a Rigaku Geiger Flex X-ray 
diffractometer in the UK Department of Earth & Environmental Sciences in order to determine 
mineralogy.  Whole-rock analysis was performed using Cu Kα radiation between 2˚ and 60˚ 2Θ 
at 6.0˚ / minute with a 0.04˚ step size.  This was followed by analysis of peak positions to 
identify the minerals present.  Clay-fraction analysis was performed using Cu Kα radiation 
between 2˚ and 35˚ 2Θ at 6.0˚ / minute with a 0.04˚ step size.  Diffractograms were created using 
DataScan version 3.1 and Jade version 3.1 data acquisition and analysis software. 
 Total inorganic carbon (TIC) and total organic carbon (TOC) were measured by carbon 
analyzer at the Environmental Research and Teaching Laboratory (ERTL) at UK.  TIC and TOC 
were analyzed on bed sediments from SP-2 and its contributing sink, as well as on suspended 
sediments from storm samples collected at SP-2. 
 
2.10 Sodium Hypochlorite Treatment for Clay Separation 
 The sodium hypochlorite treatment for clay separation was originally developed for use 
in black shales by Starkey (1984).  The approach used in this study follows that of McFarland 
(2003). Sodium hypochlorite, like hydrogen peroxide, removes organic material.  However, 
unlike hydrogen peroxide, sodium hypochlorite does not destroy clay minerals.  The method 
calls for the grinding of shale samples to pass a #100-mesh sieve in order to allow better 
penetration by solutions.  Samples, therefore, were sieved to less than #100 mesh.  The sodium 
hypochlorite solution was prepared using standard laundry bleach containing 5.45% sodium 
hypochlorite, adjusted to a pH of 9.5 with hydrochloric acid (6N HCl).  One-g samples of bed 
and suspended sediments were sieved to less than #100 mesh and placed in 50-mL centrifuge 
tubes with 5 mL of the sodium hypochlorite solution.  The centrifuge tubes were then placed in a 
steam bath and heated for 15 min.  The steam bath consisted of a beaker half-filled with water on 
a hot plate heated between settings 4 and 5.  Samples were then placed in a beaker half-filled 
with water in an ultrasonic bath and treated for 5 minutes.  Centrifuge tubes were then allowed to 
sit so the samples could settle for 10 minutes.  The supernatant was then decanted and retained 
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with suspended material in a beaker.  The above procedure was then repeated until the 
supernatant was clear after the 10-min settling time.  The number of treatments required to 
achieve a clear supernatant was recorded before proceeding with the procedure.  At this point the 
sodium hypochlorite solution was removed from the supernatant via a Millipore vacuum filter.  
The suspended material was washed with deionized water and filtered through a 0.22-µm filter.  
The suspended material caught on the filter was then recombined with the material left in the 
centrifuge tubes.  Each 50-mL centrifuge tube was filled the remainder of the way to the 50-mL 
line with deionized water.  Samples were then centrifuged at 1000 rpm for 2 min and 7 s in order 
to separate the clay fraction following Toth (2004).  The supernatant, containing the clay 
fraction, was then decanted into clean beakers.  Slides were prepared by filtering the supernatant 
through 0.22-µm filters and then transferring the material caught on each filter to a glass slide.  
At this point samples were ready for X-ray analysis as described above. 
 
2.11 Wet/Normal Days 
 Biweekly data from both sites were divided into wet and normal days as defined by 
changes in flow when compared to a 20-day rolling average of flow following the method of 
Nieman (2002).  “WET” days had a positive change in flow when compared to the 20-day 
rolling average or experienced rainfall exceeding 0.5 cm within the 24 hr prior to sampling.  
“WET” days were generally associated with rain events; increases in TSS, turbidity, and FC; and 
decreases in SC.  “NORMAL” days had a zero or negative change in flow when compared to a 
20-day rolling average or experienced rainfall less than 0.5 cm within the 24 hr prior to 
sampling.  “NORMAL” days were generally associated with dry conditions; stable or falling 
TSS and turbidity; and stable or rising SC.  
  
2.12 Statistical Data Analysis 
 Data analysis of microbial data was performed using Sigma Stat statistical software 
(SPSS, Inc., Chicago, IL).  All data were tested for normality using the Kolmogorov-Smirnov 
goodness-of-fit test.  Data points with values of BDL (below detection limits) or TNTC (too 
numerous to count) were excluded from all statistical analyses.  In order to obtain a normally 
distributed data set, log10 transformations were performed.  Descriptive statistics were performed 
on normal and non-normal data.  The means of normally-distributed data were tested with 
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parametric tests while the ranks of non-normal data were compared with non-parametric tests.  
Results of the statistical data analysis are presented in Appendix A. 
 A summary of the microbial dataset was generated by calculating descriptive statistics.  
The number of observations, geometric mean, standard deviation, standard error, and the 25th and 
75th percentiles were calculated from the entire dataset as well as from the “WET” and 
“NORMAL” dataset classifications.  The geometric mean was calculated instead of the 
arithmetic mean because the data were log10 transformed.  The standard deviation is an measure 
of how tightly the data are clustered around the mean.  The 25th and 75th percentiles were 
calculated in order to determine the upper and lower limits for the majority of the data. 
 When transformed microbial data were normally distributed, the t-test was used to 
compare the means between two groups of data that do not share data points.  This test assumes 
normality and tests whether the two groups of data were drawn from populations with different 
means.  The t-test was used to compare datasets from Blue Hole and SP-2 as well as to compare 
“WET” and “NORMAL” datasets at both field sites. 
 In the event that transformed data were not normally distributed, the Mann-Whitney 
Rank Sum test was run.  This test does not assume data normality and tests whether the two 
groups of data were drawn from populations with different medians.  The test determines if the 
differences between the two groups are greater than could be expected in a random sample.  The 
Mann-Whitney test was used to compare datasets from Blue Hole and SP-2 and to compare 
“WET” and “NORMAL” datasets at the individual field sites. 
 All water-quality data were compared using the Spearman Rank Order Correlation in 
order to find individual parameters that could be significantly correlated.  The Spearman Rank 
Order Correlation measures the strength of association between parameters without determining 
which parameter is dependent.  Of particular interest were TSS, turbidity, discharge, and the 
microbial parameters FC, TC, AC, and AC/TC.  
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Figure 2.4.  Fecal coliform plate. 
0.5 in 
Figure 2.3.  Total coliform plate. 
0.5 in 
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Chapter 3 
Results and Discussion 
 
3.1 Precipitation, Stage, and Discharge 
Precipitation over the monitoring period totaled 237.69 cm (UK Agricultural Weather 
Center, 2004) (Figure 3.1). Blue Hole stage during the period ranged from less than 0.01 to 3.72 
m above datum and averaged 0.10 m.  Blue Hole Q ranged from less than 0.01 to 0.74 m3/s and 
averaged 0.25 m3/s.  SP-2 stage during the same period ranged from less than 0.001 to 0.78 m 
(average: 0.20 m), while SP-2 Q ranged from less than 0.001 to 1.99 m3/s (average:  0.08 m3/s). 
As would be expected, increases in precipitation resulted in increases in stage and Q at 
both springs.  During September 1-3, 2003 (Storm 1), a total of 3.25 cm of rain was recorded at 
the ARC (UK Agricultural Weather Center, 2004).  In the 20 days preceding this storm, 7.37 cm 
of rain fell.  Rain during Storm 1 fell in three separate events over the course of approximately 
27 hr.  The initial rain, totaling 0.79 cm, fell between 21:00 and 22:00 on September 1, 2003.  
This was followed almost immediately by an increase in stage at Blue Hole from 0.10 m at 22:00 
to 0.42 m at 23:15, then a decrease to 0.14 m by 04:30 on September 2, 2003.  At SP-2, the 
increase in stage resulting from the initial rainfall was less pronounced and lagged behind the 
response at Blue Hole.  Stage at SP-2 rose from 0.13 m at 22:00 on September 1, 2003, to 0.18 m 
at 07:30 on September 2, 2003, by which time the second round of rainfall had already begun. 
 The second rainfall during Storm 1, totaling 1.78 cm, began by 07:00 on September 2, 
2003 and lasted until 21:00.  In response to this round of rain, the heaviest of which fell between 
07:00 and 08:00, stage at Blue Hole increased from 0.14 m at 07:00 to a storm high of 1.14 m by 
08:45.  For the remainder of the storm, stage at Blue Hole tended to fall steadily, rising only 
twice more in response to increases in the intensity of the rainfall (Figure 3.2).  At SP-2, stage 
had not yet peaked from the initial rainfall by the time the second rain began.  After peaking at 
0.18 m at 07:30 and then falling to 0.17 m by 08:30, stage rose rapidly to 0.37 m by 10:20, then 
fell slightly before continuing to rise to a storm high of 0.42 m at 15:20 on September 2 (Figure 
3.3). 
During March 5-6, 2004 (Storm 2), 2.62 cm of rain was recorded at the ARC (UK 
Agricultural Weather Center, 2004). In the 20 days prior to this storm, 2.11 cm of rain fell. Rain 
during Storm 2 fell in one main event and produced a more uniform rise in stage at both Blue 
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Hole and SP-2.  The primary rainfall began by 16:00 on March 5, 2004, and most rain had fallen 
by 19:00.  Stage at both Blue Hole and SP-2 had begun to rise by 18:00 on March 5.  Blue Hole 
reached a storm high of 0.88 m by 00:30 on March 6, while SP-2 reached a storm high of 0.57 m 
by 22:20 on March 5.  Stage at both sites then decreased gradually.  Precipitation and stage for 
Storm 2 at Blue Hole and SP-2 are presented on Figures 3.4 and 3.5, respectively. 
A comparison of the relationship between stage and precipitation from Blue Hole (Figure 
3.2) and SP-2 (Figure 3.3) during Storm 1 reveals a more pronounced response at Blue Hole.  
Stage during baseflow at both sites prior to Storm 1 was less than 0.2 m.  Within 8 hours of the 
initial rainfall, stage at Blue Hole doubled to over 0.5 m and then receded to near baseflow 
levels.  During the same time period, stage at SP-2 increased by 0.05 m.  The rapid response of 
Blue Hole stage to increases in precipitation intensity makes it a simple task to correlate 
individual peaks on the hydrograph with individual periods of intense rainfall.   
At SP-2 the increase in stage related to the initial rainfall had peaked when the second 
rainfall began.  In addition, stage recession occurred at a much slower rate at SP-2 than at Blue 
Hole.  By 12:00 on September 4, 2003, stage at Blue Hole had fallen to 0.2 m, within 0.1 m of 
baseflow, while stage at SP-2 was still above 0.3 m, double its baseflow level. 
 Fluctuations in stage due to individual precipitation events are not evident when viewing 
the hydrographs from Storm 2 (Figure 3.4 and 3.5).  A majority of the rainfall occurred as one 
event that led to one response at both Blue Hole and SP-2.  As with Storm 1, Blue Hole stage 
rose higher and fell faster than did SP-2 stage.  These differences in the magnitude of the 
response of stage and therefore discharge to single precipitation events can be attributed to land 
use within each basin.  In the primarily urban Blue Hole basin, runoff is likely to occur at a much 
faster rate than in the primarily agricultural SP-2 basin.  Accelerated runoff reflects the presence 
of impervious surfaces and drainage systems designed to remove water from structures as 
quickly as possible (Hansen and Sharp, 1999).  The lack of these surfaces in the SP-2 basin 
increases infiltration of rain water and slows its movement to the subsurface. 
Discharge (Q) at Blue Hole was calculated from a discharge-rating curve (Figure 2.2) 
developed from manually collected stage and flow data.  Q at SP-2, on the other hand, was 
calculated via an ISCO flow meter installed with the V-notch weir downstream of the main 
orifice.  Although the relationship between the two is not a linear one, a rise in stage yields an 
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increase in Q at both Blue Hole and SP-2.  Increases and decreases in stage at both sites during 
Storms 1 and 2 are mirrored by equivalent increases and decreases in Q.   
 
3.2 Specific Conductance, Temperature, and pH 
Specific conductance (SC), temperature (T), and pH were monitored at Blue Hole and 
SP-2 to document seasonal variations at each site, differences between sites, and changes 
associated with storm-related surface water moving through the system.  Due to high 
concentrations of Ca2+, Mg2+, and HCO3- in limestone aquifers, elevated SC values occur during 
baseflow (Drever, 1997) as water is slowly released from epikarst storage.  Vesper and White 
(2003) found SC values at Millstone Spring at Fort Campbell, Kentucky, to range from 254 to 
461 µS/cm.  Currens (1999) reported that SC values at Pleasant Grove Spring in Logan County, 
Kentucky, ranged from 321 to 499 µS/cm.  Currens (1999) noted that SC values decreased from 
420 to 140 µS/cm as stage rose, then rebounded to near pre-storm levels as stage fell.  The drop 
in SC was attributed to the arrival of storm water at the spring.  This was also documented in the 
Big Spring basin in Mammoth Cave National Park by Ryan and Meiman (1996). 
At Blue Hole, weekly SC values ranged from 401 to 1,081 µS/cm, averaging 678 µS/cm 
(Figure 3.6), while continuous SC data ranged from 430 to 1,336 µS/cm, averaging 674 µS/cm. 
Weekly SC values at SP-2 ranged from 333 to 458 µS/cm with an average of 397 µS/cm. High 
values were associated with dry weather and low values occurred after rain events. Weekly SC 
values at Blue Hole were higher than concurrent values at SP-2 except for November 13, 2002, 
when SC was 401 µS/cm at both sites (Figure 3.6). Maximum SC values were recorded at Blue 
Hole on January 24, 2003, and January 26, 2004, probably in response to runoff of road salt 
associated with snow or ice melt (Freeze and Cherry, 1979). Other, smaller spikes in SC were 
recorded at Blue Hole but not at SP-2. 
During Storm 1, SC data at Blue Hole generally tracked Q peaks and recessions. SC 
values from midnight to 21:00 September 1 fluctuated between 663 and 670 µS/cm. However, 
the initial SC peak (692 µS/cm) lagged the initial Q peak by 9 hr, whereas the second (primary) 
SC peak (713 µS/cm) lagged the primary Q peak by only 45 min. Following the primary peak, 
SC values declined to a minimum of 573 µS/cm before rebounding slightly (to values of 582 to 
589 µS/cm) following the third and final Q pulse (Figure 3.7). Continuous SC data were not 
recorded at SP-2 during the September storm, but manual SC measurements spanned the primary 
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Q peak. The maximum SC value at SP-2 was 355 µS/cm; the time lag between the primary Q 
peak and the SC peak (40 min) was similar to that observed at Blue Hole. 
For Storm 2, SC at Blue Hole initially rose slightly, from 620 µS/cm at 19:00 March 5 to 
631 µS/cm at 19:45 March 5, then declined as Q continued to increase. After reaching a 
minimum of 461 µS/cm at 02:30 March 6, which lagged the Q peak by 90 min, SC gradually 
recovered to 519 µS/cm by 12:00 March 7 (Figure 3.8). SC at SP-2 did not show an initial 
increase with Q, but decreased from 407 µS/cm at 15:30 March 5 to a minimum of 167 µS/cm at 
21:45 March 5, before rebounding to 335 µS/cm at 12:00 March 7 (Figure 3.9). The initial 
decline in SC preceded the initial increase in Q by 105 min, and the SC minimum preceded the 
peak Q by 35 min. Runoff from surrounding fields to the spring pool at SP-2 may have caused 
SC to decline before arrival of the subsurface pulse.  
Weekly T values at Blue Hole ranged from 12 to 18˚C with an average of 14.7˚C, while 
continuous T data ranged from 8.8 to 22.6˚C and averaged 14.3˚C. Weekly values at SP-2 ranged 
from 12.2 to 19˚C with an average of 13.6˚C. Spring temperature at Blue Hole was typically 
higher than at SP-2. Weekly T values from both sites are presented on Figure 3.10.  Spring 
temperatures at Blue Hole and SP-2 tracked air temperature measured at the ARC but fluctuated 
over a narrower range than air temperature, consistent with Heath (1983). Over the period from 
December 22, 2002, through March 24, 2004, air temperature ranged from -20.6 to 36.7°C and 
averaged 10.3°C (UK Agricultural Weather Center, 2004). 
During the week leading up to Storm 1, air T measured at the ARC ranged from 20.6˚C 
to 32.2˚C and averaged 24.7˚C (UK Agricultural Weather Center, 2004). During the storm itself, 
air T fluctuated around 22˚C. As Blue Hole and SP-2 are only 4 km apart, it is reasonable to 
assume that air T was similar at both sites. Spring T at Blue Hole between midnight September 1 
and noon September 4 tracked discharge closely, ranging from 16.9 to 21.4˚C with an average of 
17.8˚C (Figure 3.11). Continuous T data were not collected at SP-2 during that period, but 
manual T measurements, which were taken between 13:30 and 19:00 September 2, ranged from 
16.2 to 17.1˚C and generally rose. 
Air T for the week prior to Storm 2 ranged from -3.3 to 20.6˚C with an average of 11.2˚C 
(UK Agricultural Weather Center, 2004). The storm was associated with a cold front that 
dropped air T from 20.6˚C at 10:00 on March 5 to 7.2˚C at 10:00 on March 6. Spring T at Blue 
Hole during the week prior to the March storm ranged from 11.9 to 13.1˚C with an average of 
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12.5˚C. During the storm itself, Blue Hole spring T rose with Q to a maximum of 14.1˚C, 
dropped more quickly than Q, then further decreased gradually to a minimum of 12.0˚C (Figure 
3.12). Spring T at SP-2 during the storm ranged from 10.2 to 12.0˚C. Like SC, spring T at SP-2 
dropped, then rebounded as Q peaked and fell during the March storm (Figure 3.13).  
Weekly pH values at Blue Hole ranged from 6.46 to 7.81 and averaged 7.12, while values 
at SP-2 ranged from 6.54 to 7.94 with an average of 7.14 (Figure 3.14). Whereas pH remained 
close to neutral, reflecting the carbonate buffer system characteristic of karst environments (Ford 
and Williams, 1989), the relatively high values coincided with dry weather and the relatively low 
values with rainfall. 
During Storm 1, pH ranged from 6.81 to 6.90 at SP-2. These values are lower than the 
weekly average for SP-2 of 7.14. This indicates that by the time sampling began, spring flow had 
already been diluted by more acidic water introduced via runoff. During Storm 2, pH at SP-2 
ranged from 6.88 to 7.36. The lowest value was recorded at the time of the first sample, which 
indicates that, as during Storm 1, runoff had already begun to pass through the system by the 
time sampling began. McFarland (2003) observed similar patterns at Blue Hole during storm 
pulses in 2001 and 2002. 
Continuous pH data from both sites were initially erratic and unreliable. While the 
continuous data at Blue Hole became more reliable after multiple calibrations and equilibration 
time, data at SP-2 remained questionable for the duration of the monitoring period. A specific 
cause for the problems with the continuous pH data at SP-2 has not been determined, although 
several factors (e.g. fouling of the electrode or plant growth around the electrode) could have 
contributed. Faulty equipment is not suspected, since the probe and data logger performed well 
in laboratory conditions. 
 
3.3 Sediment Characterization 
Bed Sediments 
Through XRD analysis of samples from Blue Hole, Big Spring swallet, and Cleveland 
sink, McFarland (2003) found that bed sediments were composed primarily of quartz, calcite, 
dolomite, apatite, siderite, and small amounts of clay minerals.  Thin-section petrography 
performed on the same samples revealed the presence of polycrystalline quartz, quartzite, mica, 
and minor amounts of feldspars (McFarland, 2003). 
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XRD analysis of bed-sediment samples taken at SP-2 and its contributing sink identified 
quartz and calcite as the major constituents. Bed sediments at SP-2 contain minor amounts of 
clay minerals. Analysis of petrographic thin sections from SP-2 identified various fossil 
fragments (e.g. brachiopods and bryozoans), limestone clasts, pedogenic constituents (e.g. 
hematite), phosphatic constituents, dolomitized constituents, and organic matter. Petrographic 
analysis also revealed the presence of polycrystalline quartz. Quartzite, mica, and feldspars were 
not identified at SP-2 as they were at Blue Hole. 
Particle-size distribution was determined for bed sediments at Blue Hole by McFarland 
(2003). Approximately 87% of sample mass collected at Blue Hole was composed of very fine 
sand (>0.05 mm) or larger grains (McFarland, 2003). Three samples taken from SP-2 and a 
contributing sinks were composed of at least 90% very fine sand or larger grains (Table 3.1). 
Like Blue Hole, SP-2 bed sediments had very small amounts of clay particles (<63 μm). The 
small mass of clay recovered from bed sediments at SP-2 is most likely the result of the 
winnowing of finer sediments at high flows. TOC analyses performed on the bed sediments from 
SP-2 and its contributing sink produced values of 6.2% and 3.9%, respectively. For comparison, 
McFarland (2003) found TOC values of 3.3% for Blue Hole, 6.1% for Big Spring swallet, and 
1.7% for Cleveland sink. 
 
Turbidity and Suspended Sediments 
Turbidity was monitored at Blue Hole and SP-2 in order to corroborate the movement of 
sediment pulses associated with storm flow through each basin. Correlations between TSS and 
turbidity were examined. Accurate turbidity measurements during baseflow can be problematic 
owing to naturally occurring conditions that affect the performance of the probe. The probe can 
be scoured, vegetation growing near the probe can obscure optics, and debris moving through the 
system can accumulate around the probe. All of these conditions can produce an abnormally high 
reading for turbidity and thus for inferred TSS. 
 Turbidity at Blue Hole during Storm 1 responded similarly to spring T and SC, although 
turbidity data were more erratic. The increase in turbidity associated with the most intense 
rainfall lagged the increase in Q by 30 min; the primary turbidity peak (94 nephalometric 
turbidity units [NTU]) also lagged peak Q by 30 min. Turbidity values fell to 6.7 NTU 
(essentially the pre-storm baseline) by 12:00 September 4 (Figure 3.15). TSS for 1-L samples at 
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Blue Hole, which was monitored from 13:30 September 2 to 00:30 September 3, ranged from 7.0 
to 15.3 mg/L with an average of 10.7 mg/L (Table 3.2). TSS was closely correlated to turbidity 
(r2 = 0.97). The turbidity signal at SP-2 during this storm was noisier than at Blue Hole, but 
turbidity peaks coincided with each of the Q peaks, and turbidity generally declined as Q 
receded. Turbidity values ranged from a pre-storm minimum of 4.4 NTU to a maximum of 308 
NTU, which coincided with peak Q; turbidity decreased to a secondary minimum of 52 NTU at 
09:15 September 4 (Figure 3.16). TSS for 1-L samples at SP-2, which was monitored from 13:30 
to 19:00 September 2, ranged from 158 to 175 mg/L and averaged 165 mg/L (Table 3.1). The 
correlation between 1-L TSS and turbidity values at SP-2 was weaker (r2 = 0.87) than at Blue 
Hole. TSS for 20-L carboy samples, which were collected from 13:30 to 18:00 September 2, 
ranged from 1,200 to 1,950 mg/L and averaged 1,560 mg/L (Table 3.3). 
 For Storm 2, turbidity at Blue Hole fluctuated between 152 NTU and 65 NTU prior to 
any change in Q. With the initial increase in Q, turbidity increased to 97 NTU, decreased to 14 
NTU, then increased to a maximum of 181 NTU before Q peaked. Turbidity subsequently 
decreased to a minimum of 13 NTU before slowly rising to 18 NTU by 06:15 March 7 (Figure 
3.17). TSS for 1-L samples, which were collected from 20:30 March 5 to 19:30 March 6, 
generally decreased but did not level off like turbidity did. TSS ranged from 32.0 to 654 mg/L 
with an average of 363 mg/L (Table 3.4). Turbidity at SP-2 for the same storm generally 
decreased before Q began to increase. Turbidity reached a minimum of 6.8 NTU 3 hr after Q 
began to rise, increased to a maximum of 185 NTU 70 minutes after the Q peak, then began to 
decline erratically (Figure 3.18). TSS values for 1-L samples at SP-2, which were taken from 
05:00 March 6 to 08:00 March 7, ranged from 125 to 685 mg/L with an average of 428 mg/L 
(Table 3.3). The correlation between 1-L TSS samples and turbidity at SP-2 was weaker (r2 = 
0.55) than for Storm 1. TSS for 20-L samples collected beginning 06:30 March 6 ranged from 
357 to 5,630 mg/L, averaging 2300 mg/L (Table 3.5). 
Differences in TSS concentrations between Blue Hole and SP-2 and between storms may 
reflect real basin-scale and seasonal differences in the suspended sediment load.  However, 
assessing basin-scale and seasonal effects is complicated by sampling artifacts. Some sediment at 
SP-2 may be retained behind the weir that impounds the spring pool. Such retained sediment 
could be resuspended by storm flow, thus resulting in elevated TSS values. Differences in TSS 
concentrations between the two storms at SP-2 may have resulted in part from a change in the 
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sampling location. During the September storm, the sampling point was downstream of all 
orifices. This location provided a relatively integrated sample but allowed larger particles to 
settle out prior to sampling. During the March storm, samples were collected from a boil over a 
single orifice. This allowed for larger particles to be captured, thus increasing TSS. Some of 
these larger particles may have actually consisted of bed load from within the conduit. In 
addition, differences in TSS between 1-L and 20-L samples probably result from collection of a 
greater proportion of bed load in the 20-L carboys. 
Mineralogy, TOC, TIC, and grain-size distribution were determined for suspended 
sediment from SP-2 during the two storms. McFarland (2003) performed XRD analysis on 
suspended sediment from Blue Hole collected during two storms in 2002 and 2003. These 
analyses indicated that suspended sediment, like the bed sediment at Blue Hole, is dominated by 
quartz with only minor amounts of clay minerals. XRD analysis of powder mounts shows 
suspended sediment from SP-2 is dominated by quartz and calcite. TOC values of suspended 
sediment at SP-2 ranged from 1.4% to 3.6% and averaged 2.3% for Storm 1; values ranged from 
1.2% to 4.4% and averaged 2.9% for Storm 2. TIC values ranged from 0.7% to 2.3% with an 
average of 1.5% for Storm 1 and 0.5% to 5.2% with an average of 2.7% for Storm 2 (Tables 3.3 
and 3.5).  
 Particle size for suspended sediment at Blue Hole was approximately 74% silt, 20% very 
fine sand, and 6% clay (McFarland, 2003). At SP-2 an average of 92% of the mass of suspended 
sediment was silt-sized (63 μm) or greater for Storm 1 while 99% was silt-sized or greater for 
Storm 2. Summaries of the sieve-analysis data from the September and March storms are 
presented as Tables 3.6 and 3.7, respectively. 
 
3.4 Microbiology 
FC, TC, and AC were monitored at Blue Hole and SP-2 during baseflow in order to 
document differences in baseflow concentrations between each site, seasonal variations at each 
site, and the possible effect of land use on indicator bacterial counts.  Additionally, the ratio of 
atypical colonies to total coliform colonies was examined to determine if the AC/TC test for 
source and age of fecal matter in the environment is applicable to karst ground-water systems.   
Brion and Mao (2000) showed that the AC/TC ratio in surface water can be used to 
determine the source of fecal material in the environment.  It has also been demonstrated that the 
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AC/TC ratio can be used as a predictor of the probability of finding fecal contamination in 
surface waters (Nieman and Brion, 2003).  While examinations of the differences in bacterial 
concentrations within karst basins of differing land use do not appear to yield significant 
differences (Pasquarell and Boyer, 1995), the application of the AC/TC ratio to ground-water 
systems has not been examined. 
Male-specific coliphage was also monitored biweekly and during storms as a check 
against the AC/TC ratio.  MSP is associated with human fecal material but not with the fecal 
material of other warm-blooded animals.  The presence of MSP in a ground-water system is a 
clear indication of human impact, but the absence of MSP in a ground-water system does not 
rule out the possibility of human impact. 
 
Biweekly Data 
At Blue Hole, average and maximum FC, TC, AC, and MSP concentrations were higher 
for relatively wet periods (WET data) than for dry periods (NORMAL data).  Conversely, 
AC/TC ratios tended to be lower for WET data.  FC concentrations exceeded the primary contact 
level of 200 cfu/100 mL in 69% of biweekly samples from May through October 2003.  FC 
averaged 160 cfu/100 mL for the combined dataset, 110 cfu/100 mL for NORMAL data, and 210 
cfu/100 mL for WET data.  TC averaged 3,600 cfu/100 mL for combined data, 1,800 cfu/100 mL 
for NORMAL data, and 5,600 cfu/100 mL for WET data.  FC and TC concentrations tended to 
be highest from April to October.  AC averaged 40,000 cfu/100 mL for combined data, 36,000 
cfu/100 mL for NORMAL data, and 45,000 cfu/100 mL for WET data at Blue Hole.  The 
AC/TC ratio at Blue Hole averaged 14.29 for combined data, 19.59 for NORMAL data, and 8.29 
for WET data.  Biweekly MSP concentrations ranged from 0 to 3 pfu/100 mL for NORMAL 
data and from 0 to 4 pfu/100 mL for WET data.  Tables 3.8, 3.9, and 3.10 summarize combined, 
WET, and NORMAL data, respectively, from Blue Hole collected biweekly during the 
monitoring period. 
Although maximum biweekly FC and TC concentrations at SP-2 were higher than at 
Blue Hole, biweekly FC and TC values tended to be lower at SP-2, and averages were lower at 
SP-2.  As at Blue Hole, average FC and TC values were higher, and the average AC/TC ratio 
was lower, for WET samples than for NORMAL samples at SP-2.  FC concentrations at SP-2 
exceeded 200 cfu/100 mL in 31% of biweekly samples from May through October 2003.  FC 
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concentrations at SP-2 were widely variable, averaging 130 cfu/100 mL for the combined 
dataset, 90 cfu/100 mL for samples classified as NORMAL, and 170 cfu/100 mL for samples 
classified as WET.  TC at SP-2 averaged 2,000 cfu/100 mL for combined data, 1,400 cfu/100 mL 
for NORMAL data, and 2700 cfu/100 mL for WET data.  FC and TC concentrations at SP-2 
tended to be highest from April through November.  AC at SP-2 averaged 8,300 cfu/100 mL for 
combined data, 8,500 cfu/100 mL for NORMAL data, and 8,100 cfu/100 mL for WET data.  
AC/TC values were lower at SP-2 than at Blue Hole for 29 of 31 sample sets, and the overall 
range of AC/TC ratios was much narrower at SP-2.  AC/TC data averaged 6.27 for combined 
data at SP-2, 7.51 for NORMAL data, and 4.85 for WET data.  MSP was never detected in 
biweekly or storm samples at SP-2.  The range of biweekly AC/TC ratios at SP-2 (< 10) is 
comparable to values observed in runoff from agricultural subwatersheds to Jacobson Reservoir 
in Fayette County (Brion and Mao, 2000).  Table 3.11, 3.12, and 3.13 summarize combined, 
WET, and NORMAL data, respectively, collected biweekly at SP-2 during the monitoring 
period. 
 
Storm 1 – September 1-3, 2003 
Storm 1 was sampled manually at SP-2 and via an ISCO automated sampler at Blue Hole.  
Both sample runs began at 13:30 on September 2.  A total of 12 samples were taken at SP-2, 
where sampling ended at 19:00 on September 2.  Because the ISCO automated sampler at Blue 
Hole was outfitted with a 24-bottle sampling carousel, samples were drawn every 30 minutes 
uninterrupted until 00:30 September 3. 
FC at Blue Hole during Storm 1 ranged from 7,500 to 13,400 cfu/100 mL and averaged 
10,900 cfu/100 mL.  Values for FC at Blue Hole averaged 50 times higher than the average FC 
for the biweekly WET samples.  TC at Blue Hole ranged from 9,600 to 17,200 cfu/100 mL and 
averaged 14,100 cfu/100 mL.  TC values for the September storm were 2.5 times the average for 
biweekly WET samples.  AC values during Storm 1 ranged from 29,000 to 111,000 cfu/100 mL 
with an average value of 71,900 cfu/100 mL.  This is approximately two times biweekly 
concentrations of AC at Blue Hole. MSP concentrations ranged from 1 to 6 pfu/100 mL 
FC at SP-2 during Storm 1 ranged from 1800 to 5600 cfu/100 mL with an average of 
3500 cfu/100 mL.  FC at SP-2 averaged 20 times the biweekly WET average.  For Storm 1, TC 
ranged from 28,000 to 65,000 cfu/100 mL and averaged 42,400 cfu/100 mL which was 16 times 
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the average biweekly WET average.  AC ranged from 164,000 to 337,000 cfu/100 mL with an 
average value of 211,400 cfu/100 mL.  The average AC value for SP-2 during Storm 1 was 26 
times the average biweekly WET average. 
 
Storm 2 – March 5-6, 2004 
Sampling began via automated sampler at Blue Hole at 20:30 the evening of March 5 and 
continued until 20:00 on March 6.  At SP-2, manual sampling began at 06:00 on March 6 and 
continued every 30 minutes until 09:00 on March 6.  After the 09:00 sample, three more samples 
were taken every hour (10:00, 11:00, and 12:00).  Two additional samples were taken at 18:00 
on March 6 and at 08:00 on March 7 for a total of twelve samples. 
FC at Blue Hole during Storm 2 ranged from 2,500 to 13,400 cfu/100 mL and averaged 
7,000 cfu/100 mL.  FC during Storm 2 averaged approximately 33 times the biweekly WET 
average.  TC for Storm 2 ranged from 5,500 to 92,000 cfu/100 mL with an average of 32,100 
cfu/100 mL, 5.7 times the biweekly WET average.  AC ranged from 11,000 to 142,000 cfu/100 
mL and averaged 87,000 cfu/100 mL, 1.9 times the WET average from biweekly samples. MSP 
concentrations ranged from 0 to 5 pfu/100 mL, 
FC at SP-2 during Storm 2 ranged from 225 to 12,000 cfu/100 mL with an average of 
5,400 cfu/100 mL.  Average values for FC during this sample run were approximately 31 times 
the biweekly FC WET average at SP-2.  TC concentrations for Storm 2 ranged from 3,200 to 
101,000 cfu/100 mL with an average of 56,000 cfu/100 mL.  AC ranged from 27,500 to 350,000 
cfu/100 mL with an average of 167,000 cfu/100 mL.  The average TC and AC values for Storm 2 
were both 21 times their respective biweekly WET averages.  March storm samples for AC 
averaged approximately 20 times greater than biweekly AC concentrations for SP-2. 
 
3.5 Statistical Analysis of Water-Quality Data 
The t-test and Mann-Whitney Rank Sum test were used as described in Section 2.12 to 
compare the means of biweekly microbial data classified as WET and NORMAL as well as to 
compare data collected at Blue Hole to data collected at SP-2.  This comparison was essential to 
understanding how the parameter values changed from dry to wet weather or from low to high 
flow.  Results of biweekly microbial data are presented in section 3.4 and summary tables are 
presented in Tables 3.8 through 3.13. 
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At Blue Hole, the difference between FC values classified as WET (102.199) and 
NORMAL (101.744) is 100.454 cfu/100 mL.  There is a statistically significant (P=0.009) difference 
between the two groups. At SP-2, the difference between the WET and NORMAL classifications 
for FC is 100.418.  While this is smaller than Blue Hole, it is still statistically significant 
(P=0.038).  In both cases the difference indicates that during times of higher flow, FC 
concentrations are being elevated by the introduction of surface runoff containing higher than 
normal amounts of fecal material.  A similar pattern can be seen in the mean values of TC.  The 
difference between Blue Hole TC values classified as WET (103.601) and those classified as 
NORMAL (103.045) is statistically significant (P=0.001).  Likewise, the difference for SP-2 is 
also statistically significant (P=0.048).  At SP-2 TC concentrations classified as WET averaged 
103.162 while TC concentrations classified as NORMAL averaged 102.766.   
The differences in the mean values of AC at both Blue Hole (P=0.192) and SP-2 
(P=0.306) are not statistically significant.  Mean AC values at Blue Hole classified as WET 
(104.506) and NORMAL (104.288) were separated by only 100.218.  At SP-2, mean WET AC 
(103.791) and NORMAL AC (103.633) were separated by an even smaller value, 100.159.  The small 
change in AC values at times of increased flow indicates that a portion of the microbes making 
up AC are indigenous to the aquatic system and are not affected by the addition of runoff 
containing fecal material.  Therefore, during times of higher flow the concentrations of FC and 
TC will tend to fluctuate more than the concentrations of AC and the AC/TC ratio will be driven 
lower. 
The degree to which the concentrations of FC and TC fluctuate differed between the two 
springs.  At Blue Hole, TC fluctuated to a higher degree than did FC.  The impermeable surfaces 
found in the urban Blue Hole ground-water basin should act to limit the contribution of soil-
associated TC to the ground-water system during dry periods.  During periods of high flow, 
where a significant portion of the water arrives via runoff, urban wastewater would elevate both 
FC and TC levels.  Without the contribution of soil-associated TC during dry periods, TC 
fluctuation is enhanced.   
Nieman and Brion (2003) found that in the Kentucky River, FC fluctuated more than TC.  
They attributed this to higher concentrations of “background” soil-associated TC in the river 
during dry periods.  FC was also found to fluctuate more than TC at SP-2.  The agricultural 
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nature of the basin acts to raise the dry-weather contribution of soil-associated TC to the spring.  
During wet weather, FC and TC values increase due to runoff containing fecal material. 
The difference in the behavior of TC and AC is expressed by the ratio of AC to TC.  The 
difference in the mean AC/TC values between WET (108.846) and NORMAL (1015.625) 
classifications for Blue Hole was statistically significant (P<0.001) as was the difference at SP-2 
(WET=104.854, NORMAL=107.514, P<0.001).  Houghland (2000) suggested that runoff contains 
more fecal-associated TC than non-fecal-associated AC.  This disparity would lower the AC/TC 
ratio during times of high flow.  Nieman and Brion (2003) suggested that this ratio can be used 
as an indicator of the amount of fecal material in surface water.  The relationship appears to be 
applicable to karst ground-water basins as well.  Furthermore, the methodology for determining 
the source of the fecal contamination described by Brion et al. (2000) also appears to hold.  Blue 
Hole produced an average AC/TC value of 14.29 while SP-2 produced an average AC/TC value 
of 6.27.  Brion et al. (2000) found surface water basins produced AC/TC values of 25.1 (urban); 
23.4 and 15.5 (mixed use); 6.8 and 7.1 (agricultural); and 1.5 (human sewage).  Blue Hole falls 
in the mixed to urban land-use category while SP-2 falls clearly in the agricultural land-use 
category, as expected. 
 
3.6 Correlation of Water-Quality Parameters 
Storm 1 
An analysis of Storm 1 shows that decreases in FC and TC and increases in AC and 
AC/TC accompanied decreases in discharge and TSS at Blue Hole.  While overall MSP 
decreased with TSS and discharge, peak MSP was delayed and occurred after peak discharge and 
TSS.  FC and TC peaked with TSS at 14:30 on September 2, 2003 (Figures 3.19 and 3.20).  This 
peak was associated with a local peak in the discharge curve.  As discussed earlier, samples were 
collected after the maximum discharge accompanying the storm, which occurred at 08:45 on 
September 2.  The curves for TSS, FC, and TC tracked together to a low point at the end of the 
sample run.  AC and AC/TC exhibit an inverse relationship to TSS.  The low values of AC and 
AC/TC occurred at 14:30.  The two parameters then tracked each other, opposite to discharge 
and TSS, to a high value at the end of the sample run.  These relationships are presented on 
Figures 3.21 and 3.22.  MSP peaked two hours after TSS at 16:30 and then tracked TSS to the 
end of the sample run (Figure 3.23). 
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At SP-2 during Storm 1, discharge peaked at 15:40 on September 2, 2003.  The sample 
run for TSS and the microbiological parameters began at 13:30 and ended at 19:00 on the same 
day.  As shown on Figures 3.24 and 3.25, FC and TC neither systematically tracked nor were 
opposite to TSS.  FC and TC reached peaks at 18:00.  Samples were collected before, during, 
and after the storm maximum discharge that occurred at 15:30 on September 2.  Peak TSS 
occurred prior to peak discharge while peak FC and TC occurred after peak discharge.  AC 
remained relatively steady until 17:00, then peaked at 18:00 (Figure 3.26).  AC/TC reached a 
minimum at 16:00, an hour after TSS, then rebounded (Figure 3.27).  Except for the first and last 
readings, the AC/TC trend was generally opposite to the hydrograph. 
 
Storm 2 
At Blue Hole during Storm 2, discharge peaked at 00:30 on March 6, while TSS peaked 
at 22:00 on March 5.  The sample run at Blue Hole began at 20:30 on March 5 and ran until 
20:00 on March 6.  FC and TC peaked at 01:00 and 01:30, respectively, as shown on Figures 
3.28 and 3.29.  AC values fluctuated through the course of the sample run but do not seem to 
correlate with TSS values.  The final AC sample value was within a factor of 10 of the first 
sample value (Figure 3.30).  AC/TC values dropped off suddenly after the third sample point and 
then fluctuated between 0.92 and 12.25 over the rest of the sample run.  There does not appear to 
be any correlation between AC/TC and TSS at Blue Hole during Storm 2.  The minimum value 
for AC and AC/TC occurred at 01:00, after the peaks for discharge and TSS (Figure 3.31).  MSP 
also peaked at 01:00 and then fluctuated for the rest of the sample run (Figure 3.32). 
At SP-2 during Storm 2, discharge peaked at 22:20 on March 5.  The sample run for TSS 
and the microbiological parameters began at 05:00 on March 6, after discharge had peaked.  TSS 
peaked at 05:30 on March 6 as shown on Figures 3.33, 3.34, and 3.35, and FC, TC, and AC 
tended to track TSS starting at 07:00 on March 6.  FC and TC peaked at 08:00 on March 6, while 
AC peaked at 07:30.  AC/TC peaked (9.13) at 07:00 on March 6 and dropped to a minimum 
(1.93) at 09:00, before rebounding to 3.82 by 11:00 (Figure 3.36).  There does not appear to be 
any direct correlation between AC/TC and TSS at SP-2 during Storm 2.  Unfortunately, the 
duration and frequency of the sampling at SP-2 was not long enough to make more specific 
determinations regarding the relationship between the microbial parameters and TSS. 
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Table 3.1 - Bed sediment summary for SP-2 
          
Mass      
Retained         
Size (mm) Mesh Bed Sink Swallet 
4 5 0.558 20.468 0.538 
2 10 13.826 16.062 13.330 
1.18 16 32.224 35.867 31.068 
0.355 45 72.141 41.397 69.553 
0.25 60 8.641 0.843 8.331 
0.125 120 4.092 1.041 3.945 
0.09 170 1.572 0.471 1.516 
0.063 230 1.004 0.408 0.968 
<0.063 <230 0.268 1.732 0.258 
       
Total mass (g) 134.324 118.289 129.505 
          
Percent Passing       
Size (mm) Mesh Bed Sink Swallet 
4 5 99.585 82.697 67.201 
2 10 89.292 69.118 56.167 
1.18 16 65.303 38.796 31.527 
0.355 45 11.596 3.800 3.088 
0.25 60 5.163 3.087 2.509 
0.125 120 2.117 2.207 1.794 
0.09 170 0.946 1.809 1.470 
0.063 230 0.199 1.464 1.190 
<0.063 <230 0.002 0.015 0.012 
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Table 3.2 - September 2, 2003, storm suspended        
sediment summary for Blue Hole 
     
Sample ID Sample Time Discharge (m3/s) 
Tubidity 
(NTU) 
1-L TSS     
(mg/L)  
BH-1 13:30 0.514 16.4 11.7 
BH-3 14:00 0.530 20.7 15.3 
BH-5 14:30 0.523 19.2 14.9 
BH-7 15:00 0.509 16.9 12 
BH-9 15:30 0.496 15.1 11.2 
BH-11 16:00 0.484 13.3 10.4 
BH-13 16:30 0.471 12.1 9.9 
BH-15 17:00 0.462 11.8 9.2 
BH-17 17:30 0.456 11.6 8.7 
BH-19 18:00 0.451 11.6 8.3 
BH-21 18:30 0.447 10.5  7.7 
BH-23 19:00 0.442 9.9  7.0 
     
max   0.531 20.7 15.3 
min   0.442 9.9 7.0 
average   0.482 14.1 10.5 
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Table 3.3 - September 2, 2003, storm suspended sediment summary for SP-2 
        
Sample ID Sample Time Discharge (m3/s) 
TSS filter   
(mg/L) 
TSS      
carboys     
(mg/L)  
TSS Flux 
(mg/s) TOC (%) TIC (%) 
SP2-1 13:30 0.29 175 1910 561 2.1 1.9 
SP2-2 14:00 0.36 172 1650 595 2.4 1.4 
SP2-3 14:30 0.46 162 1330 612 3.6 2.3 
SP2-4 15:00 0.53 158 1200 634 1.7 1.2 
SP2-5 15:30 0.55 160 1410 776 1.4 0.9 
SP2-6 16:00 0.54 159 1390 744 3.2 1.5 
SP2-7 16:30 0.50 163 1270 637 1.8 1.3 
SP2-8 17:00 0.47 166 1670 786 2.4 0.7 
SP2-9 17:30 0.45 159 1950 872 2 1.6 
SP2-10 18:00 0.43 168 1830 787 2.6 1.9 
SP2-11 18:30 0.41 165     1.8 1.7 
SP2-12 19:00 0.40 167     2.1 1.9 
        
max   0.55 175.00 1950.00 872.01 3.60 2.30 
min   0.29 158.00 1200.00 560.61 1.40 0.70 
average   0.45 164.50 1561.00 700.50 2.26 1.53 
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Table 3.4 - March 6, 2004, storm suspended                
sediment summary for Blue Hole 
     
Sample ID Sample     Date/Time 
Discharge 
(m3/s) 
Tubidity 
(NTU) 
1-L TSS     
(mg/L)  
BH-2 3/5/04 21:00 0.543 56.5 552 
BH-4 3/5/04 22:00 0.546 58.9 654 
BH-6 3/6/04 23:00 0.550 39.0 573 
BH-8 3/6/04 00:00 0.552 30.9 603 
BH-10 3/6/04 01:00 0.555 26.4 476 
BH-12 3/6/04 02:00 0.553 24.1 536 
BH-14 3/6/04 03:00 0.547 20.7 477 
BH-16 3/6/04 04:00 0.541 18.6 482 
BH-18 3/6/04 05:00 0.533 16.9 403 
BH-20 3/6/04 06:00 0.524 15.7 366 
BH-22 3/6/04 07:00 0.512 15.3 378 
BH-24 3/6/04 08:00 0.499 14.5 315 
BH-26 3/6/04 09:00 0.482 15.2 301 
BH-28 3/6/04 10:00 0.470 15.3 266 
BH-30 3/6/04 11:00 0.461 14.4 240 
BH-32 3/6/04 12:00 0.452 14.1 283 
BH-34 3/6/04 13:00 0.444 14.8 275 
BH-36 3/6/04 14:00 0.437 14.9 321 
BH-38 3/6/04 15:00 0.430 14.8 402 
BH-40 3/6/04 16:00 0.424 14.8 299 
BH-42 3/6/04 17:00 0.417 15.1 315 
BH-44 3/6/04 18:00 0.406 14.8 108 
BH-46 3/6/04 19:00 0.398 15.6 32 
BH-48 3/6/04 20:00 0.389 14.5 50 
     
max  0.555 58.9 654 
min  0.389 14.1 32 
average  0.486 21.5 363 
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Table 3.5 - March 6, 2004, storm suspended sediment summary for SP-2 
        
  Sample Time 
Discharge    
(m3/s) 
TSS filter      
(mg/L) 
TSS      
carboys     
(mg/L) 
TSS mass 
Flux      
(mg/s) 
TOC (%) TIC (%) 
SP2-1 6:30 0.75 498 3030.16 2275 3.50 3.20 
SP2-2 7:00 0.70 376 554.38 386 1.80 1.50 
SP2-3 7:30 0.68 685 5634.71 3811 3.10 4.60 
SP2-4 8:00 0.65 643 3852.43 2498 4.40 5.20 
SP2-5 8:30 0.62 587 2336.18 1451 3.20 0.50 
SP2-6 9:00 0.60 498 3309.31 1979 1.80 1.70 
SP2-7 9:30 0.57 436 3437.13 1970 3.40 3.20 
SP2-8 10:00 0.55 345 1643.84 905 1.20 2.10 
SP2-9 10:30 0.53 378 1202.53 640 2.70 1.60 
SP2-10 11:00 0.51 326 1333.17 685 3.90 3.30 
SP2-11 18:00 0.36 235 912.35 330     
SP2-12 8:00 0.25 125 356.78 88     
        
max   0.75 685.00 5634.71 3810.73 4.40 5.20 
min   0.25 125.00 356.78 87.56 1.20 0.50 
average   0.56 427.67 2300.25 1418.14 2.90 2.69 
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Table 3.8 - Biweekly microbiological data for Blue Hole 
         
                  
  FC TC AC log FC log TC log AC AC/TC MSP 
  cfu/100 mL cfu/100 mL cfu/100 mL           
12/18/2002 62 840 32000 1.79 2.92 4.51 38.10 0 
1/15/2003 73 960 28000 1.86 2.98 4.45 29.17 2 
1/29/2003 24 640 14000 1.38 2.81 4.15 21.88 0 
2/12/2003 36 730 9600 1.56 2.86 3.98 13.15 2 
2/26/2003 84 1400 13400 1.92 3.15 4.13 9.57 3 
3/26/2003 63 1260 5700 1.80 3.10 3.76 4.52 4 
4/9/2003 180 2600 23000 2.26 3.41 4.36 8.85 4 
4/23/2003 240 3600 54000 2.38 3.56 4.73 15.00 2 
5/7/2003 360 9400 86000 2.56 3.97 4.93 9.15 0 
5/21/2003 210 7300 74000 2.32 3.86 4.87 10.14 1 
6/4/2003 230 9900 92000 2.36 4.00 4.96 9.29 1 
6/18/2003 720 9700 75000 2.86 3.99 4.88 7.73 3 
7/2/2003 470 7900 55000 2.67 3.90 4.74 6.96 0 
7/16/2003 250 9900 45000 2.40 4.00 4.65 4.55 3 
7/30/2003 330 7700 55000 2.52 3.89 4.74 7.14 1 
8/13/2003 430 5500 240000 2.63 3.74 5.38 43.64 2 
8/27/2003 70 2000 40000 1.85 3.30 4.60 20.00 1 
9/10/2003 180 6100 42000 2.26 3.79 4.62 6.89 0 
9/24/2003 220 7900 56000 2.34 3.56 4.75 7.09 2 
10/8/2003 150 2400 48000 2.18 3.38 4.68 20.00 0 
10/22/2003 80 1600 25000 1.90 3.20 4.40 15.63 1 
11/5/2003 60 6000 58000 1.78 2.78 3.81 9.67 1 
11/19/2003 95 1000 9500 1.98 3.00 3.98 9.50 3 
12/3/2003 35 1100 15000 1.54 3.04 4.18 13.64 1 
12/17/2003 120 3200 36000 2.08 3.51 4.56 11.25 1 
12/31/2003 30 500 4300 1.48 2.70 3.63 8.60 2 
1/14/2004 10 150 3200 1.00 2.18 3.51 21.33 0 
1/28/2004 5 200 2400 0.70 2.30 3.38 12.00 1 
2/11/2004 56 800 10200 1.75 2.90 4.01 12.75 1 
2/25/2004 23 350 9600 1.36 2.54 3.98 27.43 0 
3/10/2004 100 1350 13400 2.00 3.13 4.13 9.93 3 
3/24/2004 15 980 12500 1.18 2.99 4.10 12.76 0 
         
Max 720 9900 240000 2.86 4.00 5.38 43.64 4 
Min 5 150 2400 0.70 2.18 3.38 4.52 0 
Average 157 3593 40213 1.96 3.26 4.36 14.29 1.41 
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Table 3.9 - Biweekly microbiological data classified as WET for Blue Hole 
         
                  
  FC TC AC log FC log TC log AC AC/TC MSP 
  cfu/100 mL cfu/100 mL cfu/100 mL           
3/26/2003 63 1260 5700 1.80 3.10 3.76 4.52 4 
4/9/2003 180 2600 23000 2.26 3.41 4.36 8.85 4 
5/7/2003 360 9400 86000 2.56 3.97 4.93 9.15 0 
5/21/2003 210 7300 74000 2.32 3.86 4.87 10.14 1 
6/4/2003 230 9900 92000 2.36 4.00 4.96 9.29 1 
6/18/2003 720 9700 75000 2.86 3.99 4.88 7.73 3 
7/16/2003 250 9900 45000 2.40 4.00 4.65 4.55 3 
7/30/2003 330 7700 55000 2.52 3.89 4.74 7.14 1 
9/10/2003 180 6100 42000 2.26 3.79 4.62 6.89 0 
9/24/2003 220 7900 56000 2.34 3.56 4.75 7.09 2 
11/5/2003 60 6000 58000 1.78 2.78 3.81 9.67 1 
11/19/2003 95 1000 9500 1.98 3.00 3.98 9.50 3 
12/17/2003 120 3200 36000 2.08 3.51 4.56 11.25 1 
12/31/2003 30 500 4300 1.48 2.70 3.63 8.60 2 
3/10/2004 100 1350 13400 2.00 3.13 4.13 9.93 3 
         
Maximum 720 9900 92000 2.86 4.00 4.96 11.25 4 
Minimum 30 500 4300 1.48 2.70 3.63 4.52 0 
Average 210 5587 44993 2.20 3.51 4.44 8.29 1.93 
         
         
Table 3.10 - Biweekly microbiological data classified as NORMAL for Blue Hole 
         
                  
  FC TC AC log FC log TC log AC AC/TC MSP 
  cfu/100 mL cfu/100 mL cfu/100 mL           
12/18/2002 62 840 32000 1.79 2.92 4.51 38.10 0 
1/15/2003 73 960 28000 1.86 2.98 4.45 29.17 2 
1/29/2003 24 640 14000 1.38 2.81 4.15 21.88 0 
2/12/2003 36 730 9600 1.56 2.86 3.98 13.15 2 
2/26/2003 84 1400 13400 1.92 3.15 4.13 9.57 3 
4/23/2003 240 3600 54000 2.38 3.56 4.73 15.00 2 
7/2/2003 470 7900 55000 2.67 3.90 4.74 6.96 0 
8/13/2003 430 5500 240000 2.63 3.74 5.38 43.64 2 
8/27/2003 70 2000 40000 1.85 3.30 4.60 20.00 1 
10/8/2003 150 2400 48000 2.18 3.38 4.68 20.00 0 
10/22/2003 80 1600 25000 1.90 3.20 4.40 15.63 1 
12/3/2003 35 1100 15000 1.54 3.04 4.18 13.64 1 
1/14/2004 10 150 3200 1.00 2.18 3.51 21.33 0 
1/28/2004 5 200 2400 0.70 2.30 3.38 12.00 1 
2/11/2004 56 800 10200 1.75 2.90 4.01 12.75 1 
2/25/2004 23 350 9600 1.36 2.54 3.98 27.43 0 
3/24/2004 15 980 12500 1.18 2.99 4.10 12.76 0 
         
Maximum 470 7900 240000 2.67 3.90 5.38 43.64 3 
Minimum 5 150 2400 0.70 2.18 3.38 6.96 0 
Average 110 1832 35994 1.74 3.04 4.29 19.59 0.94 
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Table 3.11 - Biweekly microbiological data for SP-2 
         
                  
  FC TC AC log FC log TC log AC AC/TC MSP 
  cfu/100 mL cfu/100 mL cfu/100 mL           
12/18/2002 33 500 4300 1.52 2.70 3.63 8.60 0 
1/15/2003 21 340 2100 1.32 2.53 3.32 6.18 0 
1/29/2003 50 1000 5950 1.70 3.00 3.77 5.95 0 
2/12/2003 12 140 1200 1.08 2.15 3.08 8.57 0 
2/26/2003 16 180 1500 1.20 2.26 3.18 8.33 0 
3/26/2003 26 300 1600 1.41 2.48 3.20 5.33 0 
4/9/2003 140 2200 14000 2.15 3.34 4.15 6.36 0 
4/23/2003 85 1000 4900 1.93 3.00 3.69 4.90 0 
5/7/2003 72 860 2800 1.86 2.93 3.45 3.26 0 
5/21/2003 154 1740 6400 2.19 3.24 3.81 3.68 0 
6/4/2003 565 9500 15000 2.75 3.98 4.18 1.58 0 
6/18/2003 100 3500 9500 2.00 3.54 3.98 2.71 0 
7/2/2003 98 2400 12500 1.99 3.38 4.10 5.21 0 
7/16/2003 750 10000 15000 2.88 4.00 4.18 1.50 0 
7/30/2003 250 3500 12000 2.40 3.54 4.08 3.43 0 
8/13/2003 860 12000 65000 2.93 4.08 4.81 5.42 0 
8/27/2003 85 1800 12500 1.93 3.26 4.10 6.94 0 
9/10/2003 120 2000 11000 2.08 3.30 4.04 5.50 0 
9/24/2003 150 2800 9500 2.18 3.45 3.98 3.39 0 
10/8/2003 100 1800 13000 2.00 3.26 4.11 7.22 0 
10/22/2003 12 140 1250 1.08 2.15 3.10 8.93 0 
11/5/2003 88 1000 4700 1.94 3.00 3.67 4.70 0 
11/19/2003 92 1100 6500 1.96 3.04 3.81 5.91 0 
12/3/2003 46 520 4600 1.66 2.72 3.66 8.85 0 
12/17/2003 80 1100 9500 1.90 3.04 3.98 8.64 0 
12/31/2003 26 380 2800 1.41 2.58 3.45 7.37 0 
1/14/2004 45 500 4400 1.65 2.70 3.64 8.80 0 
1/28/2004 66 780 5400 1.82 2.89 3.73 6.92 0 
2/11/2004 35 510 4100 1.54 2.71 3.61 8.04 0 
2/25/2004 12.5 140 1350 1.10 2.15 3.13 9.64 0 
3/10/2004 6 90 850 0.78 1.95 2.93 9.44 0 
3/24/2004 2 130 1200 0.30 2.11 3.08 9.23 0 
         
Max 860 12000 65000 2.93 4.08 4.81 9.64 0 
Min 2 90 850 0.30 1.95 2.93 1.50 0 
Average 131 1998 8325 1.77 2.95 3.71 6.27 0 
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Table 3.12 - Biweekly microbiological data classified as WET for SP-2 
         
                  
  FC TC AC log FC log TC log AC AC/TC MSP 
  cfu/100 mL cfu/100 mL cfu/100 mL           
3/26/2003 26 300 1600 1.41 2.48 3.20 5.33 0 
4/9/2003 140 2200 14000 2.15 3.34 4.15 6.36 0 
5/7/2003 72 860 2800 1.86 2.93 3.45 3.26 0 
5/21/2003 154 1740 6400 2.19 3.24 3.81 3.68 0 
6/4/2003 565 9500 15000 2.75 3.98 4.18 1.58 0 
6/18/2003 100 3500 9500 2.00 3.54 3.98 2.71 0 
7/16/2003 750 10000 15000 2.88 4.00 4.18 1.50 0 
7/30/2003 250 3500 12000 2.40 3.54 4.08 3.43 0 
9/10/2003 120 2000 11000 2.08 3.30 4.04 5.50 0 
9/24/2003 150 2800 9500 2.18 3.45 3.98 3.39 0 
11/5/2003 88 1000 4700 1.94 3.00 3.67 4.70 0 
11/19/2003 92 1100 6500 1.96 3.04 3.81 5.91 0 
12/17/2003 80 1100 9500 1.90 3.04 3.98 8.64 0 
12/31/2003 26 380 2800 1.41 2.58 3.45 7.37 0 
3/10/2004 6 90 850 0.78 1.95 2.93 9.44 0 
         
Maximum 750 10000 15000 2.88 4.00 4.18 9.44 0 
Minimum 6 90 850 0.78 1.95 2.93 1.50 0 
Average 175 2671 8077 1.99 3.16 3.79 4.85 0 
         
         
Table 3.13 - Biweekly microbiological data classified as NORMAL for SP-2 
         
                  
  FC TC AC log FC log TC log AC AC/TC MSP 
  cfu/100 mL cfu/100 mL cfu/100 mL           
12/18/2002 33 500 4300 1.52 2.70 3.63 8.60 0 
1/15/2003 21 340 2100 1.32 2.53 3.32 6.18 0 
1/29/2003 50 1000 5950 1.70 3.00 3.77 5.95 0 
2/12/2003 12 140 1200 1.08 2.15 3.08 8.57 0 
2/26/2003 16 180 1500 1.20 2.26 3.18 8.33 0 
4/23/2003 85 1000 4900 1.93 3.00 3.69 4.90 0 
7/2/2003 98 2400 12500 1.99 3.38 4.10 5.21 0 
8/13/2003 860 12000 65000 2.93 4.08 4.81 5.42 0 
8/27/2003 85 1800 12500 1.93 3.26 4.10 6.94 0 
10/8/2003 100 1800 13000 2.00 3.26 4.11 7.22 0 
10/22/2003 12 140 1250 1.08 2.15 3.10 8.93 0 
12/3/2003 46 520 4600 1.66 2.72 3.66 8.85 0 
1/14/2004 45 500 4400 1.65 2.70 3.64 8.80 0 
1/28/2004 66 780 5400 1.82 2.89 3.73 6.92 0 
2/11/2004 35 510 4100 1.54 2.71 3.61 8.04 0 
2/25/2004 13 140 1350 1.10 2.15 3.13 9.64 0 
3/24/2004 2 130 1200 0.30 2.11 3.08 9.23 0 
         
Maximum 860 12000 65000 2.93 4.08 4.81 9.64 0 
Minimum 2 130 1200 0.30 2.11 3.08 4.90 0 
Average 93 1405 8544 1.57 2.77 3.63 7.51 0 
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Figure 3.2.  Blue Hole stage above datum and ARC precipitation for Storm 1. 
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Figure 3.3.  SP-2 stage above datum and ARC precipitation for Storm 1. 
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Figure 3.4.  Blue Hole stage above datum and ARC precipitation for Storm 2. 
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Figure 3.5.  SP-2 stage above datum and ARC precipitation for Storm 2. 
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Figure 3.6.  Weekly SC values at Blue Hole and SP-2. 
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Figure 3.7.  SC and Q at Blue Hole for Storm 1. 
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Figure 3.8.  SC and Q at Blue Hole for Storm 2. 
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Figure 3.9.  SC and Q at SP-2 for Storm 2. 
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Figure 3.10.  Weekly spring temperature for Blue Hole and SP-2. 
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Figure 3.11.  T and Q at Blue Hole for Storm 1. 
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Figure 3.12.  T and Q at Blue Hole for Storm 2. 
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Figure 3.13.  T and Q at SP-2 for Storm 2. 
60
  
0.2
0.3
0.4
0.5
0.6
9/1/03 0:00 9/1/03 18:00 9/2/03 12:00 9/3/03 6:00 9/4/03 0:00
Date/Time
D
is
ch
ar
ge
 (m
3 /s
)
0
20
40
60
80
100
Tu
rb
id
ity
 (N
TU
)
Discharge
Turbidity
Figure 3.15.  Q and turbidity at Blue Hole for Storm 1. 
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Figure 3.14.  Weekly pH for Blue Hole and SP-2. 
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Figure 3.17.  Q and turbidity at Blue Hole for Storm 2. 
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Figure 3.16.  Q and turbidity at SP-2 for Storm 1. 
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Figure 3.18.  Q and turbidity at SP-2 for Storm 2. 
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Figure 3.19.  TSS and FC at Blue Hole for Storm 1. 
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Figure 3.20.  TSS and TC at Blue Hole for Storm 1. 
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Figure 3.21.  TSS and AC at Blue Hole for Storm 1. 
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Figure 3.22.  TSS and AC/TC at Blue Hole for Storm 1. 
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Figure 3.24.  TSS and FC at SP-2 for Storm 1. 
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Figure 3.23.  TSS and MSP at Blue Hole for Storm 1. 
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Figure 3.25.  TSS and TC at SP-2 for Storm 1. 
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Figure 3.26.  TSS and AC at SP-2 for Storm 1. 
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Figure 3.28.  TSS and FC at Blue Hole for Storm 2. 
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Figure 3.27.  TSS and AC/TC at SP-2 for Storm 1. 
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Figure 3.29.  TSS and TC at Blue Hole for Storm 2. 
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Figure 3.30.  TSS and AC at Blue Hole for Storm 2. 
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Figure 3.32.  TSS and MSP at Blue Hole for Storm 2. 
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Figure 3.31.  TSS and AC/TC at Blue Hole for Storm 2. 
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Figure 3.33.  TSS and FC at SP-2 for Storm 2. 
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Figure 3.34.  TSS and TC at SP-2 for Storm 2. 
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Figure 3.36.  TSS and AC/TC at SP-2 for Storm 2. 
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Figure 3.35.  TSS and AC at SP-2 for Storm 2. 
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Chapter 4 
Summary and Conclusions 
 
4.1 Summary 
Multiple parameters were monitored during an 18-month period in two karst ground-
water basins in Woodford County, Kentucky, in order to assess the effects of land use on water 
quality.  Blue Hole Spring drains a primarily urban area, whereas spring SP-2 drains an 
agricultural area.  Water-quality parameters were monitored manually weekly or biweekly, as 
well as more frequently during storms in September 2003 (Storm 1) and March 2004 (Storm 2).  
In addition, some parameters (discharge, T, SC, and turbidity) were continuously monitored and 
logged at 15-minute intervals. 
In terms of physical and chemical parameters, the average discharge was greater at Blue 
Hole (0.25 m3/s) than at SP-2 (0.08 m3/s). However, the minimum discharge was similar at both 
springs (0.01 m3/s) and the maximum was greater at SP-2 (1.99 m3/s, vs. 0.74 m3/s at Blue Hole).  
SC values were greater at Blue Hole than at SP-2 for 70 of 71 weekly sample sets.  Spring 
temperatures at Blue Hole and SP-2 tended to track air temperature, but water temperature 
fluctuated more at Blue Hole than at SP-2.  pH at both springs remained near neutral for the 
duration of the monitoring period. 
During both monitored storms, SC decreased as discharge increased at Blue Hole and SP-
2.  Blue Hole turbidity began increasing and peaked with discharge during both storms, followed 
by a rapid decrease.  During Storm 2, turbidity decreased to below pre-storm levels.  At SP-2, 
turbidity increased with discharge but fluctuated erratically as discharge fell to pre-storm levels.  
This behavior at SP-2 is attributed to the presence of a V-notch weir downstream of the spring 
orifice.  A large amount of sediment accumulated behind the weir was apparently re-suspended 
during storms, giving a false high turbidity reading for an extended period.  For Storm 1 at SP-2, 
TSS samples collected in 20-L carboys ranged from 1,200 to 1950 mg/L with an average of 
1,561 mg/L, while TSS values for 1-L samples ranged from 158 to 175 mg/L with an average of 
165 mg/L.  For Storm 2, 20-L TSS samples ranged from 357 to 5,635 mg/L and averaged 2,300 
mg/L, while the 1-L samples ranged from 125 to 685 mg/L and averaged 428 mg/L.  The 
differences in average TSS values between the 20-L and 1-L samples is attributed to collecting 
more bed load in the carboys. The differences in TSS values between Storm 1 and Storm 2 at SP-
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2 probably reflects a shift in the sampling location (downstream of the orifices during Storm 1 
vs. over one of the orifices during Storm 2). 
In terms of microbiological parameters, biweekly Blue Hole FC, TC, and AC values 
averaged 160, 3,600, and 40,000 cfu/100 mL, respectively, and fluctuated more than at SP-2.  
Biweekly SP-2 FC, TC, and AC values averaged 130, 2,000, and 8,300 cfu/100 mL, respectively.  
Biweekly values for AC/TC averaged 14.29 at Blue Hole and 6.27 at SP-2.  AC/TC ratios were 
greater at Blue Hole than at SP-2 for 29 of 31 biweekly sample sets.  There is a statistically 
significant difference between the biweekly data sets from the two sites, as well as between data 
collected under WET and NORMAL flow conditions at each site.  MSP was detected in most 
samples collected from Blue Hole, but was never detected at SP-2. 
 During the monitored storms, average AC/TC ratios were lower than the biweekly 
averages. For Storm 1, AC/TC ratios averaged 4.30 at Blue Hole and 4.12 at SP-2, while for 
Storm 2, the average values were 5.67 at Blue Hole and 5.10 at SP-2.  During these storms, FC, 
TC, and MSP tended to peak close to the same time as TSS and discharge.  AC tended to be 
unrelated to TSS or discharge, while AC/TC tended to be inversely related to TSS and discharge. 
 
4.2 Conclusions and Implications 
Given the proximity of the basins, differences in water quality appear to reflect 
differences in land use, as hypothesized.  The fact that SC values tended to be greater at Blue 
Hole than at SP-2 is suggestive of urban-runoff impacts. The observation that Blue Hole 
temperature fluctuated more than did SP-2 temperature could be an effect of shorter residence 
times in the urban basin. The mean values for the AC/TC ratio at each site agree with the 
methodology outlined by Brion et al. (2000) for source determination in surface water.  FC 
values at both sites were within the range (0 to 32,200 cfu/100 mL) of those reported by Howell 
et al. (1995) from agricultural land in Bourbon and Fleming counties within the Inner Bluegrass 
region.  However average FC values from both Blue Hole and Sp-2 were below average values 
(1,700 cfu/100 mL) reported by Felton (1996) in a ground-water basin comprised of 81% 
agricultural, 13% forest, and 6% residential land use. 
For both Blue Hole and SP-2, wet weather was associated with changes in certain 
parameters. FC and TC concentrations tended to be higher and AC/TC concentrations tended to 
be lower for biweekly samples collected during relatively wet periods.  The significant difference 
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between WET and NORMAL samples indicates that FC, TC, and the AC/TC ratio respond to the 
input of “fresh” fecal material and/or nutrients in runoff during wet periods.  As noted by 
Houghland (2000), runoff contains more fecal-associated TC than non-fecal AC.  The lack of a 
significant difference in AC concentrations for WET versus NORMAL samples at both sites 
indicates that AC populations are not associated with runoff but are indigenous to the aquatic 
environment.  The significant difference in AC concentrations between the sites indicates that 
there is a quantifiable difference in the Blue Hole and SP-2 aquatic environments.  The 
significant difference in WET TC concentrations between the sites is suggestive of a greater 
contribution of soil- and/or fecal-associated TC to Blue Hole following storms 
Monitoring during the September 2003 and March 2004 storms documented that SC, T, 
and turbidity (a proxy for TSS) responded to changes in discharge at both Blue Hole and SP-2.  
The decrease in SC following peak discharge (indicative of the flushing of pre-storm water from 
the aquifer) and the coincidence of peak turbidity with peak discharge are consistent with 
findings from other karst ground-water basins (Ryan and Meiman, 1996; Currens, 1999; Mahler 
and Lynch, 1999). However, comparisons of sediment transport between Blue Hole and SP-2 are 
complicated because of erratic turbidity signals and the likelihood that sampling artifacts affected 
TSS measurements. 
At both sites, maximum FC and TC concentrations for storm samples were greater than 
for biweekly samples.  At Blue Hole, high values of FC and TC tended to correspond to high 
values of turbidity and TSS, consistent with observations of other springs (Ryan and Meiman, 
1996; Gunn et al., 1997), as did low values of AC and the AC/TC ratio.  However, there was 
little correlation between microbiological parameters and turbidity or TSS at SP-2.  AC/TC ratios 
for SP-2 storm samples fell within ranges observed for biweekly samples at SP-2, whereas 
minimum AC/TC values for Blue Hole storm samples were less than biweekly minimum values 
at both sites, perhaps because of relatively fresh fecal matter in runoff (Brion and Mao, 2000). 
Although concentrations of both suspended sediment and pathogen indicators increased with 
discharge during storms, the lack of clay minerals in suspended sediment probably limited the 
extent to which adsorbed pathogens could be transported. 
This study has shown that the AC/TC ratio appears to be a valid tool for determining the 
source of contamination within karst ground-water systems as well as in surface water.  
Continued study should include greater frequency and duration of sampling in order to determine 
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more accurately the statistical significance of the relationships between multiple water-quality 
parameters.  Also, because of the small size of the Blue Hole and SP-2 basins, indicator bacteria 
may not have been subjected to subterranean conditions for extended periods of time.  Therefore, 
it is not known whether the AC/TC test will be valid in larger basins where flow paths between 
swallet and spring are longer.  Future studies should consider the effect of the subterranean 
environment on the survival of pathogen indicators. One way to infer the viability of pathogens 
in the subsurface would be to introduce pathogen-indicator tracers at a swallet during the rising 
limb of a storm pulse and monitor their breakthrough at the spring (Davis et al., 2005). 
Lastly, because both Blue Hole spring and spring SP-2 have been modified by human activity, 
albeit in different ways, the degree to which these conclusions can be applied to other karst 
basins in the Inner Bluegrass or elsewhere is not known. 
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Appendix A 
 
Water Quality Statistics 
 
Descriptive Statistics: Thursday, February 24, 2005, 9:48:51 PM 
 
 Data source: Blue Hole Data in Water Quality Stats 
 
 Column Size Missing Mean Std Dev Std. Error C.I. of Mean  
log10(FC) - WET 150 2.199 0.352 0.0908 0.195  
log10(TC) - WET 150 3.601 0.430 0.111 0.238  
log10(AC) - WET 150 4.506 0.435 0.112 0.241  
AC/TC - WET 150 8.286 1.957 0.505 1.084  
log10(FC) - NORMAL 170 1.744 0.539 0.131 0.277  
log10(TC) - NORMAL 170 3.045 0.459 0.111 0.236  
log10(AC) - NORMAL 170 4.288 0.483 0.117 0.248  
AC/TC - NORMAL 170 19.587 10.022 2.431 5.153  
 
 Column Range Max Min Median  25% 75%  
log10(FC) - WET 1.380 2.857 1.477 2.255 1.983 2.389  
log10(TC) - WET 1.297 3.996 2.699 3.785 3.201 3.954  
log10(AC) - WET 1.330 4.964 3.633 4.653 4.186 4.843  
AC/TC - WET 6.726 11.250 4.524 8.846 7.102 9.625  
log10(FC) - NORMAL 1.973 2.672 0.699 1.792 1.376 1.987  
log10(TC) - NORMAL 1.722 3.898 2.176 2.991 2.849 3.321  
log10(AC) - NORMAL 2.000 5.380 3.380 4.176 4.002 4.622  
AC/TC - NORMAL 36.674 43.636 6.962 15.625 12.754 23.263  
 
 Column Skewness KurtosisK-S Dist.K-S Prob. SumSum of Squares  
log10(FC) - WET -0.288 0.178 0.164 0.325 32.979 74.238  
log10(TC) - WET -0.905 -0.515 0.260 0.007 54.012 197.079  
log10(AC) - WET -0.968 -0.330 0.213 0.065 67.583 307.146  
AC/TC - WET -0.754 0.0336 0.164 0.327 124.286 1083.400  
log10(FC) - NORMAL-0.00319 -0.193 0.134 0.525 29.656 56.383  
log10(TC) - NORMAL-0.0476 0.00875 0.125 0.611 51.759 160.963  
log10(AC) - NORMAL 0.171 0.736 0.146 0.409 72.891 316.267  
AC/TC - NORMAL 1.189 0.955 0.183 0.133 332.986 8129.396  
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t-test Sunday, February 13, 2005, 11:53:36 AM 
 
 Data source: Blue Hole Data in Water Quality Stats 
 
 Normality Test: Passed (P = 0.345) 
 
 Equal Variance Test: Passed (P = 0.251) 
 
 Group Name  N  Missing Mean Std Dev SEM  
log10(FC) - WET 15 0 2.199 0.352 0.0908  
log10(FC) - NORMAL 17 0 1.744 0.539 0.131  
 
 Difference 0.454 
 
 t = 2.779  with 30 degrees of freedom. (P = 0.009) 
 
 95 percent confidence interval for difference of means: 0.120 to 0.788 
 
 The difference in the mean values of the two groups is greater than would be expected by chance; there is a 
statistically significant difference between the input groups (P = 0.009). 
 
 Power of performed test with alpha = 0.050: 0.715 
 
 The power of the performed test (0.715) is below the desired power of 0.800. 
Less than desired power indicates you are more likely to not detect a difference when one actually exists. Be 
cautious in over-interpreting the lack of difference found here. 
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t-test Sunday, February 13, 2005, 11:54:07 AM 
 
 Data source: Blue Hole Data in Water Quality Stats 
 
 Normality Test: Passed (P = 0.416) 
 
 Equal Variance Test: Passed (P = 0.962) 
 
 Group Name  N  Missing Mean Std Dev SEM  
log10(TC) - WET 15 0 3.601 0.430 0.111  
log10(TC) - NORMAL 17 0 3.045 0.459 0.111  
 
 Difference 0.556 
 
 t = 3.520  with 30 degrees of freedom. (P = 0.001) 
 
 95 percent confidence interval for difference of means: 0.233 to 0.879 
 
 The difference in the mean values of the two groups is greater than would be expected by chance; there is a 
statistically significant difference between the input groups (P = 0.001). 
 
 Power of performed test with alpha = 0.050: 0.921 
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t-test Sunday, February 13, 2005, 11:54:22 AM 
 
 Data source: Blue Hole Data in Water Quality Stats 
 
 Normality Test: Passed (P = 0.189) 
 
 Equal Variance Test: Passed (P = 0.705) 
 
 Group Name  N  Missing Mean Std Dev SEM  
log10(AC) - WET 15 0 4.506 0.435 0.112  
log10(AC) - NORMAL 17 0 4.288 0.483 0.117  
 
 Difference 0.218 
 
 t = 1.334  with 30 degrees of freedom. (P = 0.192) 
 
 95 percent confidence interval for difference of means: -0.116 to 0.551 
 
 The difference in the mean values of the two groups is not great enough to reject the possibility that the difference 
is due to random sampling variability. There is not a statistically significant difference between the input groups (P 
= 0.192). 
 
 Power of performed test with alpha = 0.050: 0.128 
 
 The power of the performed test (0.128) is below the desired power of 0.800. 
Less than desired power indicates you are more likely to not detect a difference when one actually exists. Be 
cautious in over-interpreting the lack of difference found here. 
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t-test Sunday, February 13, 2005, 11:54:46 AM 
 
 Data source: Blue Hole Data in Water Quality Stats 
 
 Normality Test: Failed (P < 0.050) 
 
  
 Test execution ended by user request, Rank Sum Test begun 
 
 Mann-Whitney Rank Sum Test Sunday, February 13, 2005, 11:54:46 AM 
 
 Data source: Blue Hole Data in Water Quality Stats 
 
 Group N  Missing  Median    25%      75%     
AC/TC - WET 150 8.846 7.102 9.625  
AC/TC - NORMAL17 015.625 12.754 23.263  
 
 T = 136.000  n(small)= 15  n(big)= 17  (P = <0.001) 
 
 The difference in the median values between the two groups is greater than would be expected by chance; there is a 
statistically significant difference  (P = <0.001) 
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Descriptive Statistics: Sunday, February 13, 2005, 4:04:29 PM 
 
 Data source: BH September Data in Water Quality Stats 
 
 Column Size Missing Mean Std Dev Std. Error C.I. of Mean  
Discharge 120 0.482 0.0317 0.00914 0.0201  
Turbidity 120 14.090 3.530 1.019 2.243  
TSS 120 10.525 2.642 0.763 1.679  
log FC 120 4.032 0.0774 0.0223 0.0492  
log TC 120 4.141 0.0861 0.0248 0.0547  
log AC 120 4.813 0.215 0.0621 0.137  
AC/TC 120 5.669 3.349 0.967 2.128  
 
 Column Range MaxMin Median  25%75%  
Discharge 0.0881 0.5310.442 0.477 0.453 0.512  
Turbidity 10.753 20.699 9.946 12.701 11.559 16.666  
TSS 8.300 15.300 7.000 10.150 8.500 11.850  
log FC 0.252 4.1273.875 4.052 3.985 4.090  
log TC 0.253 4.2363.982 4.156 4.092 4.215  
log AC 0.583 5.0454.462 4.896 4.603 4.995  
AC/TC 9.876 11.563 1.686 5.566 2.381 8.017  
 
 Column Skewness KurtosisK-S Dist.K-S Prob.SumSum of Squares  
Discharge 0.251 -1.573 0.150 0.571 5.786 2.801  
Turbidity 0.718 -0.700 0.214 0.133 169.085 2519.519  
TSS 0.661 -0.316 0.122 0.770 126.300 1406.110  
log FC -0.762 -0.204 0.215 0.130 48.380 195.120  
log TC -0.667 -0.619 0.205 0.176 49.694 205.875  
log AC -0.630 -1.287 0.206 0.171 57.756 278.493  
AC/TC 0.414 -1.015 0.146 0.602 68.024 508.957  
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Spearman Rank Order Correlation Sunday, February 13, 2005, 4:13:47 PM 
 
 Data source: BH September Data in Water Quality Stats 
 
 Cell Contents: 
Correlation Coefficient 
P Value 
Number of Samples 
 
   Turbidity TSS log FC log TC log AC AC/TC  
Discharge 0.991 0.993 0.986 0.958 -0.986 -0.986  
 0.000 0.000 0.000 0.000 0.000 0.000  
 1212 12 12 1212  
        
Turbidity 0.998 0.984 0.977 -0.970 -0.970  
 0.000 0.000 0.000 0.000 0.000  
 12 12 12 1212  
        
TSS   0.979 0.979 -0.972 -0.972  
   0.000 0.000 0.000 0.000  
   12 12 1212  
        
log FC   0.937 -0.972 -0.972  
   0.000 0.000 0.000  
    12 1212  
        
log TC     -0.951 -0.951  
     0.000 0.000  
     1212  
        
log AC     1.000  
     0.000  
     12  
        
AC/TC        
        
        
        
 
  
 The pair(s) of variables with positive correlation coefficients and P values below 0.050 tend to increase together. 
For the pairs with negative correlation coefficients and P values below 0.050, one variable tends to decrease while 
the other increases. For pairs with P values greater than 0.050, there is no significant relationship between the two 
variables. 
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Descriptive Statistics: Sunday, February 13, 2005, 4:34:35 PM 
 
 Data source: BH March Data in Water Quality Stats 
 
 Column Size Missing Mean Std Dev Std. Error C.I. of Mean  
Discharge 240 0.486 0.0580 0.0118 0.0245  
Turbidity 240 21.496 12.731 2.599 5.376  
TSS 240 362.792 164.298 33.537 69.377  
log FC 240 3.796 0.212 0.0433 0.0895  
log TC 240 4.377 0.355 0.0725 0.150  
log AC 240 4.885 0.256 0.0523 0.108  
AC/TC 240 4.303 3.363 0.687 1.420  
 
 Column Range MaxMin Median  25%75%  
Discharge 0.167 0.5550.389 0.490 0.434 0.545  
Turbidity 44.776 58.89814.12215.333 14.795 22.394  
TSS 622.000 654.000 32.000 343.500 279.000 479.500  
log FC 0.729 4.1273.398 3.853 3.585 3.964  
log TC 1.223 4.9643.740 4.377 4.145 4.708  
log AC 1.111 5.1524.041 4.957 4.806 5.063  
AC/TC 11.328 12.2500.922 3.236 1.573 6.615  
 
 Column Skewness KurtosisK-S Dist.K-S Prob.SumSum of Squares  
Discharge -0.232 -1.5310.166 0.085 11.666 5.748  
Turbidity 2.230 4.2710.306 <0.001 515.902 14817.549  
TSS -0.251 -0.2260.111 0.567 8707.000 3779687.000  
log FC -0.306 -1.0800.155 0.137 91.105 346.869  
log TC -0.0664 -0.9990.131 0.345 105.038 462.612  
log AC -1.840 4.2870.193 0.022 117.232 574.145  
AC/TC 1.142 0.3510.226 0.003 103.276 704.568  
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Spearman Rank Order Correlation Sunday, February 13, 2005, 4:35:05 PM 
 
 Data source: BH March Data in Water Quality Stats 
 
 Cell Contents: 
Correlation Coefficient 
P Value 
Number of Samples 
 
   Turbidity TSS log FC log TC log AC AC/TC  
Discharge 0.777 0.843 0.467 0.277 -0.0570 -0.283  
 0.000 0.000 0.0215 0.187 0.787 0.177  
 2424 24 24 24 24  
        
Turbidity 0.814 0.0288 -0.0540 0.0771 0.141  
 0.000 0.892 0.799 0.716 0.507  
 24 24 24 24 24  
        
TSS   0.195 0.0501 -0.0566 -0.115  
   0.357 0.812 0.790 0.586  
   24 24 24 24  
        
log FC   0.751 0.0181 -0.863  
   0.000 0.930 0.000  
    24 24 24  
        
log TC     0.444 -0.705  
     0.0296 0.000  
     24 24  
        
log AC     0.193  
     0.362  
      24  
        
AC/TC        
        
        
        
 
  
 The pair(s) of variables with positive correlation coefficients and P values below 0.050 tend to increase together. 
For the pairs with negative correlation coefficients and P values below 0.050, one variable tends to decrease while 
the other increases. For pairs with P values greater than 0.050, there is no significant relationship between the two 
variables. 
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Descriptive Statistics: Thursday, February 24, 2005, 9:49:54 PM 
 
 Data source: SP2 Data in Water Quality Stats 
 
 Column Size Missing Mean Std Dev Std. Error C.I. of Mean  
log10(FC)-WET 150 1.993 0.521 0.134 0.288  
log10(TC)-WET 150 3.162 0.546 0.141 0.302  
log10(AC)-WET 150 3.791 0.379 0.0979 0.210  
AC/TC-WET 150 4.854 2.397 0.619 1.327  
log10(FC)-NORMAL 170 1.574 0.564 0.137 0.290  
log10(TC)-NORMAL 170 2.766 0.537 0.130 0.276  
log10(AC)-NORMAL 170 3.633 0.471 0.114 0.242  
AC/TC-NORMAL 170 7.514 1.535 0.372 0.789  
 
 Column Range Max Min Median 25% 75%  
log10(FC)-WET 2.097 2.875 0.778 2.000 1.8692.185  
log10(TC)-WET 2.046 4.000 1.954 3.241 2.9513.520  
log10(AC)-WET 1.247 4.176 2.929 3.978 3.5034.070  
AC/TC-WET 7.944 9.444 1.500 4.700 3.2906.250  
log10(FC)-NORMAL 2.633 2.934 0.301 1.653 1.1771.929  
log10(TC)-NORMAL 1.965 4.079 2.114 2.708 2.2283.064  
log10(AC)-NORMAL1.734 4.813 3.079 3.643 3.1653.855  
AC/TC-NORMAL 4.743 9.643 4.900 8.039 6.1208.812  
 
 Column SkewnessKurtosisK-S Dist.K-S Prob.Sum Sum of Squares  
log10(FC)-WET -0.568 1.270 0.197 0.117 29.891 63.358  
log10(TC)-WET -0.517 0.501 0.139 0.553 47.425 154.118  
log10(AC)-WET -1.073 0.349 0.222 0.045 56.871 217.633  
AC/TC-WET 0.464 -0.522 0.155 0.404 72.804 433.782  
log10(FC)-NORMAL 0.114 2.050 0.166 0.234 26.764 47.228  
log10(TC)-NORMAL 0.740 0.647 0.125 0.611 47.023 134.681  
log10(AC)-NORMAL0.825 0.927 0.146 0.405 61.754 227.875  
AC/TC-NORMAL -0.407 -1.262 0.174 0.184 127.734 997.452  
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t-test Sunday, February 13, 2005, 11:55:07 AM 
 
 Data source: SP2 Data in Water Quality Stats 
 
 Normality Test: Passed (P = 0.241) 
 
 Equal Variance Test: Passed (P = 0.749) 
 
 Group Name  N  Missing Mean Std Dev SEM  
log10(FC)-WET 150 1.9930.521 0.134  
log10(FC)-NORMAL170 1.5740.564 0.137  
 
 Difference 0.418 
 
 t = 2.170  with 30 degrees of freedom. (P = 0.038) 
 
 95 percent confidence interval for difference of means: 0.0246 to 0.812 
 
 The difference in the mean values of the two groups is greater than would be expected by chance; there is a 
statistically significant difference between the input groups (P = 0.038). 
 
 Power of performed test with alpha = 0.050: 0.450 
 
 The power of the performed test (0.450) is below the desired power of 0.800. 
Less than desired power indicates you are more likely to not detect a difference when one actually exists. Be 
cautious in over-interpreting the lack of difference found here. 
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t-test Sunday, February 13, 2005, 11:55:19 AM 
 
 Data source: SP2 Data in Water Quality Stats 
 
 Normality Test: Passed (P = 0.757) 
 
 Equal Variance Test: Passed (P = 0.936) 
 
 Group Name  N  Missing Mean Std Dev SEM  
log10(TC)-WET 150 3.1620.546 0.141  
log10(TC)-NORMAL170 2.7660.537 0.130  
 
 Difference 0.396 
 
 t = 2.064  with 30 degrees of freedom. (P = 0.048) 
 
 95 percent confidence interval for difference of means: 0.00411 to 0.787 
 
 The difference in the mean values of the two groups is greater than would be expected by chance; there is a 
statistically significant difference between the input groups (P = 0.048). 
 
 Power of performed test with alpha = 0.050: 0.403 
 
 The power of the performed test (0.403) is below the desired power of 0.800. 
Less than desired power indicates you are more likely to not detect a difference when one actually exists. Be 
cautious in over-interpreting the lack of difference found here. 
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t-test Sunday, February 13, 2005, 11:55:32 AM 
 
 Data source: SP2 Data in Water Quality Stats 
 
 Normality Test: Passed (P = 0.122) 
 
 Equal Variance Test: Passed (P = 0.925) 
 
 Group Name  N  Missing Mean Std Dev SEM  
log10(AC)-WET 150 3.7910.379 0.0979  
log10(AC)-NORMAL17 0 3.633 0.471 0.114  
 
 Difference 0.159 
 
 t = 1.041  with 30 degrees of freedom. (P = 0.306) 
 
 95 percent confidence interval for difference of means: -0.153 to 0.470 
 
 The difference in the mean values of the two groups is not great enough to reject the possibility that the difference 
is due to random sampling variability. There is not a statistically significant difference between the input groups (P 
= 0.306). 
 
 Power of performed test with alpha = 0.050: 0.056 
 
 The power of the performed test (0.056) is below the desired power of 0.800. 
Less than desired power indicates you are more likely to not detect a difference when one actually exists. Be 
cautious in over-interpreting the lack of difference found here. 
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t-test Sunday, February 13, 2005, 11:55:47 AM 
 
 Data source: SP2 Data in Water Quality Stats 
 
 Normality Test: Passed (P = 0.556) 
 
 Equal Variance Test: Passed (P = 0.093) 
 
 Group Name  N  Missing Mean Std Dev SEM  
AC/TC-WET 150 4.854 2.397 0.619  
AC/TC-NORMAL17 07.514 1.535 0.372  
 
 Difference -2.660 
 
 t = -3.784  with 30 degrees of freedom. (P = <0.001) 
 
 95 percent confidence interval for difference of means: -4.096 to -1.225 
 
 The difference in the mean values of the two groups is greater than would be expected by chance; there is a 
statistically significant difference between the input groups (P = <0.001). 
 
 Power of performed test with alpha = 0.050: 0.957 
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Descriptive Statistics: Sunday, February 13, 2005, 4:45:43 PM 
 
 Data source: SP2 September Data in Water Quality Stats 
 
 Column Size Missing Mean Std Dev Std. Error C.I. of Mean  
Discharge 120 0.449 0.0761 0.0220 0.0484  
TSS 120 164.500 5.385 1.555 3.422  
TSS carboys 100 1561.000 276.021 87.286 197.454  
Turbidity 120 61.833 8.089 2.335 5.139  
log FC 120 3.525 0.151 0.0436 0.0960  
log TC 120 4.616 0.102 0.0294 0.0646  
log AC 120 5.316 0.0899 0.0259 0.0571  
AC/TC 120 5.099 1.011 0.292 0.642  
 
 Column Range MaxMin  Median  25% 75%  
Discharge 0.257 0.5510.294 0.4530.406 0.515  
TSS 17.000 175.000158.000164.000 159.500167.500  
TSS carboys 750.000 1950.0001200.0001530.0001330.000 1830.000  
Turbidity 27.000 81.00054.00060.00055.00066.000  
log FC 0.493 3.7483.255 3.5053.431 3.662  
log TC 0.366 4.8134.447 4.6224.544 4.677  
log AC 0.313 5.5285.215 5.2985.267 5.320  
AC/TC 3.049 6.6073.558 5.1694.425 5.977  
 
 Column Skewness KurtosisK-S Dist.K-S Prob.SumSum of Squares  
Discharge -0.571 0.03570.102 0.8345.390 2.485  
TSS 0.645 -0.3640.132 0.7111974.000325042.000  
TSS carboys 0.201 -1.6490.208 0.24715610.00025052900.000  
Turbidity 1.316 1.6190.166 0.437742.00046600.000  
log FC -0.115 -0.6550.134 0.69342.294149.320  
log TC 0.210 -0.1220.141 0.64555.398255.858  
log AC 1.584 2.1910.287 0.00763.790339.184  
AC/TC -0.0375 -1.0950.147 0.59861.186323.221  
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Spearman Rank Order Correlation Sunday, February 13, 2005, 4:45:15 PM 
 
 Data source: SP2 September Data in Water Quality Stats 
 
 Cell Contents: 
Correlation Coefficient 
P Value 
Number of Samples 
 
   TSS TSS carboys Turbidity log FC log TC log AC AC/TC  
Discharge -0.802 -0.636 -0.910 0.644 0.361 -0.298 -0.615  
 0.000 0.0427 0.000 0.0222 0.233 0.329 0.0308  
 1210 12 12 1212 12  
         
TSS 0.456 0.894 -0.374 -0.274 0.0860 0.462  
 0.172 0.000 0.224 0.377 0.783 0.123  
 10 12 12 1212 12  
         
TSS carboys   0.644 -0.170 0.237 0.480 0.0303  
   0.0377 0.607 0.490 0.148 0.919  
   10 10 1010 10  
         
Turbidity   -0.576 -0.357 0.265 0.596  
   0.0478 0.243 0.389 0.0387  
    12 1212 12  
         
log FC     0.660 -0.151 -0.658  
     0.0186 0.619 0.0186  
     1212 12  
         
log TC     0.354 -0.697  
     0.243 0.0101  
     12 12  
         
log AC       0.284  
       0.352  
       12  
         
AC/TC         
         
         
         
 
  
 The pair(s) of variables with positive correlation coefficients and P values below 0.050 tend to increase together. 
For the pairs with negative correlation coefficients and P values below 0.050, one variable tends to decrease while 
the other increases. For pairs with P values greater than 0.050, there is no significant relationship between the two 
variables. 
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Descriptive Statistics: Sunday, February 13, 2005, 5:12:02 PM 
 
 Data source: SP2 March Data in Water Quality Stats 
 
 Column Size Missing Mean Std Dev Std. Error C.I. of Mean  
Discharge 150 0.621 0.174 0.0449 0.0963  
Turbidity 150 104.655 28.544 7.370 15.807  
TSS 150 492.733 199.435 51.494 110.443  
TSS carboys 153 2300.248 1586.740 458.052 1008.167  
log FC 153 3.508 0.565 0.163 0.359  
log TC 153 4.561 0.528 0.152 0.335  
log AC 153 5.112 0.374 0.108 0.238  
AC/TC 153 4.115 2.553 0.737 1.622  
 
 Column Range Max Min  Median 25% 75%  
Discharge 0.6550.9000.2450.621 0.537 0.737  
Turbidity 111.572 143.09031.518110.240 85.695119.228  
TSS 678.000 803.000125.000498.000 352.750674.500  
TSS carboys 5277.933 5634.713356.7801990.0121057.4383373.221  
log FC 1.7274.0792.3523.699 3.148 3.961  
log TC 1.4995.0043.5054.754 4.299 4.940  
log AC 1.1055.5444.4395.273 4.842 5.347  
AC/TC 7.2039.1301.9273.052 2.381 5.277  
 
 Column Skewness KurtosisK-S Dist.K-S Prob.SumSum of Squares  
Discharge -0.483 0.4020.135 0.590 9.317 6.211  
Turbidity -1.005 1.8880.156 0.3931569.827175697.198  
TSS -0.111 -0.8730.117 0.7347391.0004198633.000  
TSS carboys 0.706-0.001370.160 0.48727602.97491188866.318  
log FC -0.965 -0.1360.204 0.181 42.097151.186  
log TC -1.272 0.2330.276 0.012 54.732252.695  
log AC -1.036 -0.4440.303 0.003 61.344315.133  
AC/TC 1.3070.2190.2960.005 49.385274.907  
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Spearman Rank Order Correlation Thursday, February 24, 2005, 7:24:59 PM 
 
 Data source: SP2 March Data in Water Quality Stats 
 
 Cell Contents: 
Correlation Coefficient 
P Value 
Number of Samples 
 
   Turbidity TSS TSS carboys log FC log TC log AC AC/TC  
Discharge 0.811 0.867 0.538 -0.0490 -0.00699 0.112 0.322  
 0.000 0.000 0.0663 0.869 0.974 0.716 0.295  
 1515 12 12 1212 12  
         
Turbidity 0.733 0.559 0.0140 0.0559 0.294 0.322  
 0.00145 0.0547 0.956 0.852 0.340 0.295  
 15 12 12 1212 12  
         
TSS   0.858 0.441 0.487 0.627 -0.0630  
   0.000 0.143 0.0998 0.0263 0.834  
   12 12 1212 12  
         
TSS carboys   0.538 0.517 0.601 -0.238  
   0.0663 0.0795 0.0359 0.442  
    12 1212 12  
         
log FC     0.965 0.657 -0.790  
     0.000 0.0186     0.00100  
     1212 12  
         
log TC     0.692 -0.797  
     0.0113 0.000  
     12 12  
         
log AC       -0.189  
       0.542  
       12  
         
AC/TC         
         
         
         
 
  
 The pair(s) of variables with positive correlation coefficients and P values below 0.050 tend to increase together. 
For the pairs with negative correlation coefficients and P values below 0.050, one variable tends to decrease while 
the other increases. For pairs with P values greater than 0.050, there is no significant relationship between the two 
variables. 
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Descriptive Statistics: Sunday, February 13, 2005, 11:48:08 AM 
 
 Data source: Combined Data in Water Quality Stats 
 
 Column Size Missing Mean Std Dev Std. Error C.I. of Mean  
log10(BH-FC) 320 1.957 0.509 0.0899 0.183  
log10(BH-TC) 320 3.305 0.522 0.0922 0.188  
log10(BH-AC) 320 4.390 0.467 0.0825 0.168  
BH-AC/TC 320 14.290 9.295 1.643 3.351  
log10(SP2-FC) 320 1.770 0.576 0.102 0.208  
log10(SP2-TC) 320 2.952 0.569 0.101 0.205  
log10(SP2-AC) 320 3.707 0.431 0.0762 0.155  
SP2-AC/TC 320 6.267 2.373 0.419 0.855  
 
 Column Range Max Min Median 25% 75%  
log10(BH-FC) 2.158 2.857 0.699 1.951 1.652 2.352  
log10(BH-TC) 1.820 3.996 2.176 3.253 2.953 3.824  
log10(BH-AC) 2.000 5.380 3.380 4.476 4.053 4.740  
BH-AC/TC 39.113 43.636 4.524 10.693 8.723 17.813  
log10(SP2-FC) 2.633 2.934 0.301 1.880 1.415 2.040  
log10(SP2-TC) 2.125 4.079 1.954 3.000 2.556 3.322  
log10(SP2-AC) 1.883 4.813 2.929 3.711 3.385 4.060  
SP2-AC/TC 8.143 9.643 1.500 6.270 4.800 8.586  
 
 Column Skewness KurtosisK-S Dist.K-S Prob. SumSum of Squares  
log10(BH-FC) -0.478 -0.0557 0.0959 0.587 62.634 130.621  
log10(BH-TC) -0.290 -0.791 0.142 0.100 105.771 358.042  
log10(BH-AC) -0.309 -0.318 0.113 0.360 140.474 623.413  
BH-AC/TC 1.743 2.907 0.216 <0.001 457.271 9212.796  
log10(SP2-FC) -0.200 0.597 0.109 0.403 56.655 110.586  
log10(SP2-TC) 0.129 -0.537 0.0778 0.802 94.448 288.799  
log10(SP2-AC) 0.0969 -0.0792 0.110 0.396 118.625 445.508  
SP2-AC/TC -0.393 -0.847 0.121 0.269 200.537 1431.233  
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t-test Sunday, February 13, 2005, 11:44:45 AM 
 
 Data source: Combined Data in Water Quality Stats 
 
 Normality Test: Passed (P = 0.604) 
 
 Equal Variance Test: Passed (P = 0.768) 
 
 Group Name  N  Missing Mean Std Dev SEM  
log10(BH-FC) 320 1.957 0.509 0.0899  
log10(SP2-FC) 320 1.770 0.576 0.102  
 
 Difference 0.187 
 
 t = 1.375  with 62 degrees of freedom. (P = 0.174) 
 
 95 percent confidence interval for difference of means: -0.0847 to 0.458 
 
 The difference in the mean values of the two groups is not great enough to reject the possibility that the difference 
is due to random sampling variability. There is not a statistically significant difference between the input groups (P 
= 0.174). 
 
 Power of performed test with alpha = 0.050: 0.143 
 
 The power of the performed test (0.143) is below the desired power of 0.800. 
Less than desired power indicates you are more likely to not detect a difference when one actually exists. Be 
cautious in over-interpreting the lack of difference found here. 
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t-test Sunday, February 13, 2005, 11:45:23 AM 
 
 Data source: Combined Data in Water Quality Stats 
 
 Normality Test: Passed (P = 0.659) 
 
 Equal Variance Test: Passed (P = 0.901) 
 
 Group Name  N  Missing Mean Std Dev SEM  
log10(BH-TC) 320 3.305 0.522 0.0922  
log10(SP2-TC) 320 2.952 0.569 0.101  
 
 Difference 0.354 
 
 t = 2.593  with 62 degrees of freedom. (P = 0.012) 
 
 95 percent confidence interval for difference of means: 0.0811 to 0.627 
 
 The difference in the mean values of the two groups is greater than would be expected by chance; there is a 
statistically significant difference between the input groups (P = 0.012). 
 
 Power of performed test with alpha = 0.050: 0.656 
 
 The power of the performed test (0.656) is below the desired power of 0.800. 
Less than desired power indicates you are more likely to not detect a difference when one actually exists. Be 
cautious in over-interpreting the lack of difference found here. 
98
t-test Sunday, February 13, 2005, 11:45:46 AM 
 
 Data source: Combined Data in Water Quality Stats 
 
 Normality Test: Passed (P = 0.146) 
 
 Equal Variance Test: Passed (P = 0.542) 
 
 Group Name  N  Missing Mean Std Dev SEM  
log10(BH-AC) 320 4.390 0.467 0.0825  
log10(SP2-AC) 320 3.707 0.431 0.0762  
 
 Difference 0.683 
 
 t = 6.079  with 62 degrees of freedom. (P = <0.001) 
 
 95 percent confidence interval for difference of means: 0.458 to 0.907 
 
 The difference in the mean values of the two groups is greater than would be expected by chance; there is a 
statistically significant difference between the input groups (P = <0.001). 
 
 Power of performed test with alpha = 0.050: 1.000 
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t-test Sunday, February 13, 2005, 11:46:07 AM 
 
 Data source: Combined Data in Water Quality Stats 
 
 Normality Test: Failed (P < 0.050) 
 
  
 Test execution ended by user request, Rank Sum Test begun 
 
 Mann-Whitney Rank Sum Test Sunday, February 13, 2005, 11:46:07 AM 
 
 Data source: Combined Data in Water Quality Stats 
 
 Group N  Missing  Median    25%      75%     
BH-AC/TC 320 10.693 8.723 17.813  
SP2-AC/TC 320 6.270 4.800 8.586  
 
 T = 1418.000  n(small)= 32  n(big)= 32  (P = <0.001) 
 
 The difference in the median values between the two groups is greater than would be expected by chance; there is a 
statistically significant difference  (P = <0.001) 
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Descriptive Statistics: Sunday, February 13, 2005, 11:48:56 AM 
 
 Data source: WET Data in Water Quality Stats 
 
 Column Size Missing Mean Std Dev Std. Error C.I. of Mean  
log10(BH-FC) 150 2.199 0.352 0.0908 0.195  
log10(BH-TC) 150 3.601 0.430 0.111 0.238  
log10(BH-AC) 150 4.506 0.435 0.112 0.241  
BH-AC/TC 150 8.286 1.957 0.505 1.084  
log10(SP2-FC) 150 1.993 0.521 0.134 0.288  
log10(SP2-TC) 150 3.162 0.546 0.141 0.302  
log10(SP2-AC) 150 3.791 0.379 0.0979 0.210  
SP2-AC/TC 150 4.854 2.397 0.619 1.327  
 
 Column Range Max Min Median 25% 75%  
log10(BH-FC) 1.380 2.857 1.477 2.255 1.983 2.389  
log10(BH-TC) 1.297 3.996 2.699 3.785 3.201 3.954  
log10(BH-AC) 1.330 4.964 3.633 4.653 4.186 4.843  
BH-AC/TC 6.726 11.250 4.524 8.846 7.102 9.625  
log10(SP2-FC) 2.097 2.875 0.778 2.000 1.869 2.185  
log10(SP2-TC) 2.046 4.000 1.954 3.241 2.951 3.520  
log10(SP2-AC) 1.247 4.176 2.929 3.978 3.503 4.070  
SP2-AC/TC 7.944 9.444 1.500 4.700 3.290 6.250  
 
 Column SkewnessKurtosisK-S Dist.K-S Prob.SumSum of Squares  
log10(BH-FC) -0.288 0.178 0.164 0.325 32.979 74.238  
log10(BH-TC) -0.905 -0.515 0.260 0.007 54.012 197.079  
log10(BH-AC) -0.968 -0.330 0.213 0.065 67.583 307.146  
BH-AC/TC -0.754 0.0336 0.164 0.327 124.286 1083.400  
log10(SP2-FC) -0.568 1.270 0.197 0.117 29.891 63.358  
log10(SP2-TC) -0.517 0.501 0.139 0.553 47.425 154.118  
log10(SP2-AC) -1.073 0.349 0.222 0.045 56.871 217.633  
SP2-AC/TC 0.464 -0.522 0.155 0.404 72.804 433.782  
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t-test Sunday, February 13, 2005, 11:49:18 AM 
 
 Data source: WET Data in Water Quality Stats 
 
 Normality Test: Passed (P = 0.244) 
 
 Equal Variance Test: Passed (P = 0.532) 
 
 Group Name  N  Missing Mean Std Dev SEM  
log10(BH-FC) 150 2.199 0.352 0.0908  
log10(SP2-FC) 150 1.993 0.521 0.134  
 
 Difference 0.206 
 
 t = 1.269  with 28 degrees of freedom. (P = 0.215) 
 
 95 percent confidence interval for difference of means: -0.126 to 0.538 
 
 The difference in the mean values of the two groups is not great enough to reject the possibility that the difference 
is due to random sampling variability. There is not a statistically significant difference between the input groups (P 
= 0.215). 
 
 Power of performed test with alpha = 0.050: 0.110 
 
 The power of the performed test (0.110) is below the desired power of 0.800. 
Less than desired power indicates you are more likely to not detect a difference when one actually exists. Be 
cautious in over-interpreting the lack of difference found here. 
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t-test Sunday, February 13, 2005, 11:49:42 AM 
 
 Data source: WET Data in Water Quality Stats 
 
 Normality Test: Passed (P = 0.106) 
 
 Equal Variance Test: Passed (P = 0.520) 
 
 Group Name  N  Missing Mean Std Dev SEM  
log10(BH-TC) 150 3.601 0.430 0.111  
log10(SP2-TC) 150 3.162 0.546 0.141  
 
 Difference 0.439 
 
 t = 2.446  with 28 degrees of freedom. (P = 0.021) 
 
 95 percent confidence interval for difference of means: 0.0714 to 0.807 
 
 The difference in the mean values of the two groups is greater than would be expected by chance; there is a 
statistically significant difference between the input groups (P = 0.021). 
 
 Power of performed test with alpha = 0.050: 0.574 
 
 The power of the performed test (0.574) is below the desired power of 0.800. 
Less than desired power indicates you are more likely to not detect a difference when one actually exists. Be 
cautious in over-interpreting the lack of difference found here. 
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t-test Sunday, February 13, 2005, 11:50:03 AM 
 
 Data source: WET Data in Water Quality Stats 
 
 Normality Test: Failed (P < 0.050) 
 
  
 Test execution ended by user request, Rank Sum Test begun 
 
 Mann-Whitney Rank Sum Test Sunday, February 13, 2005, 11:50:03 AM 
 
 Data source: WET Data in Water Quality Stats 
 
 Group N  Missing  Median    25%      75%     
log10(BH-AC) 150 4.653 4.186 4.843  
log10(SP2-AC) 150 3.978 3.503 4.070  
 
 T = 314.500  n(small)= 15  n(big)= 15  (P = <0.001) 
 
 The difference in the median values between the two groups is greater than would be expected by chance; there is a 
statistically significant difference  (P = <0.001) 
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t-test Sunday, February 13, 2005, 11:50:31 AM 
 
 Data source: WET Data in Water Quality Stats 
 
 Normality Test: Passed (P = 0.581) 
 
 Equal Variance Test: Passed (P = 0.342) 
 
 Group Name  N  Missing Mean Std Dev SEM  
BH-AC/TC 150 8.286 1.957 0.505  
SP2-AC/TC 150 4.854 2.397 0.619  
 
 Difference 3.432 
 
 t = 4.296  with 28 degrees of freedom. (P = <0.001) 
 
 95 percent confidence interval for difference of means: 1.796 to 5.069 
 
 The difference in the mean values of the two groups is greater than would be expected by chance; there is a 
statistically significant difference between the input groups (P = <0.001). 
 
 Power of performed test with alpha = 0.050: 0.989 
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Descriptive Statistics: Sunday, February 13, 2005, 11:51:13 AM 
 
 Data source: NORMAL Data in Water Quality Stats 
 
 Column Size Missing Mean Std Dev Std. Error C.I. of Mean  
log10(BH-FC) 170 1.744 0.539 0.131 0.277  
log10(BH-TC) 170 3.045 0.459 0.111 0.236  
log10(BH-AC) 170 4.288 0.483 0.117 0.248  
BH-AC/TC 170 19.587 10.022 2.431 5.153  
log10(SP2-FC) 170 1.574 0.564 0.137 0.290  
log10(SP2-TC) 170 2.766 0.537 0.130 0.276  
log10(SP2-AC) 170 3.633 0.471 0.114 0.242  
SP2-AC/TC 170 7.514 1.535 0.372 0.789  
 
 Column Range Max Min Median  25% 75%  
log10(BH-FC) 1.973 2.672 0.699 1.792 1.376 1.987  
log10(BH-TC) 1.722 3.898 2.176 2.991 2.849 3.321  
log10(BH-AC) 2.000 5.380 3.380 4.176 4.002 4.622  
BH-AC/TC 36.674 43.636 6.962 15.625 12.754 23.263  
log10(SP2-FC) 2.633 2.934 0.301 1.653 1.177 1.929  
log10(SP2-TC) 1.965 4.079 2.114 2.708 2.228 3.064  
log10(SP2-AC) 1.734 4.813 3.079 3.643 3.165 3.855  
SP2-AC/TC 4.743 9.643 4.900 8.039 6.120 8.812  
 
 Column Skewness KurtosisK-S Dist.K-S Prob. SumSum of Squares  
log10(BH-FC) -0.00319 -0.193 0.134 0.525 29.656 56.383  
log10(BH-TC) -0.0476 0.00875 0.125 0.611 51.759 160.963  
log10(BH-AC) 0.171 0.736 0.146 0.409 72.891 316.267  
BH-AC/TC 1.189 0.955 0.183 0.133 332.986 8129.396  
log10(SP2-FC) 0.114 2.050 0.166 0.234 26.764 47.228  
log10(SP2-TC) 0.740 0.647 0.125 0.611 47.023 134.681  
log10(SP2-AC) 0.825 0.927 0.146 0.405 61.754 227.875  
SP2-AC/TC -0.407 -1.262 0.174 0.184 127.734 997.452  
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t-test Sunday, February 13, 2005, 11:51:31 AM 
 
 Data source: NORMAL Data in Water Quality Stats 
 
 Normality Test: Passed (P = 0.500) 
 
 Equal Variance Test: Passed (P = 0.957) 
 
 Group Name  N  Missing Mean Std Dev SEM  
log10(BH-FC) 170 1.744 0.539 0.131  
log10(SP2-FC) 170 1.574 0.564 0.137  
 
 Difference 0.170 
 
 t = 0.899  with 32 degrees of freedom. (P = 0.376) 
 
 95 percent confidence interval for difference of means: -0.215 to 0.556 
 
 The difference in the mean values of the two groups is not great enough to reject the possibility that the difference 
is due to random sampling variability. There is not a statistically significant difference between the input groups (P 
= 0.376). 
 
 Power of performed test with alpha = 0.050: 0.050 
 
 The power of the performed test (0.050) is below the desired power of 0.800. 
Less than desired power indicates you are more likely to not detect a difference when one actually exists. Be 
cautious in over-interpreting the lack of difference found here. 
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t-test Sunday, February 13, 2005, 11:51:46 AM 
 
 Data source: NORMAL Data in Water Quality Stats 
 
 Normality Test: Passed (P = 0.509) 
 
 Equal Variance Test: Passed (P = 0.559) 
 
 Group Name  N  Missing Mean Std Dev SEM  
log10(BH-TC) 170 3.045 0.459 0.111  
log10(SP2-TC) 170 2.766 0.537 0.130  
 
 Difference 0.279 
 
 t = 1.625  with 32 degrees of freedom. (P = 0.114) 
 
 95 percent confidence interval for difference of means: -0.0705 to 0.628 
 
 The difference in the mean values of the two groups is not great enough to reject the possibility that the difference 
is due to random sampling variability. There is not a statistically significant difference between the input groups (P 
= 0.114). 
 
 Power of performed test with alpha = 0.050: 0.223 
 
 The power of the performed test (0.223) is below the desired power of 0.800. 
Less than desired power indicates you are more likely to not detect a difference when one actually exists. Be 
cautious in over-interpreting the lack of difference found here. 
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t-test Sunday, February 13, 2005, 11:52:09 AM 
 
 Data source: NORMAL Data in Water Quality Stats 
 
 Normality Test: Passed (P = 0.525) 
 
 Equal Variance Test: Passed (P = 0.818) 
 
 Group Name  N  Missing Mean Std Dev SEM  
log10(BH-AC) 170 4.288 0.483 0.117  
log10(SP2-AC) 170 3.633 0.471 0.114  
 
 Difference 0.655 
 
 t = 4.005  with 32 degrees of freedom. (P = <0.001) 
 
 95 percent confidence interval for difference of means: 0.322 to 0.988 
 
 The difference in the mean values of the two groups is greater than would be expected by chance; there is a 
statistically significant difference between the input groups (P = <0.001). 
 
 Power of performed test with alpha = 0.050: 0.976 
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t-test Sunday, February 13, 2005, 11:52:25 AM 
 
 Data source: NORMAL Data in Water Quality Stats 
 
 Normality Test: Failed (P < 0.050) 
 
  
 Test execution ended by user request, Rank Sum Test begun 
 
 Mann-Whitney Rank Sum Test Sunday, February 13, 2005, 11:52:25 AM 
 
 Data source: NORMAL Data in Water Quality Stats 
 
 Group N  Missing  Median    25%      75%     
BH-AC/TC 170 15.625 12.754 23.263  
SP2-AC/TC 170 8.039 6.120 8.812  
 
 T = 431.000  n(small)= 17  n(big)= 17  (P = <0.001) 
 
 The difference in the median values between the two groups is greater than would be expected by chance; there is a 
statistically significant difference  (P = <0.001) 
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Field Parameters 
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Date Time pH Temp SC (µS/cm) SC (mS/cm) 
9/11/2002 14:50 7.301 18 759 0.759 
9/18/2002 10:45 7.26 17.3 705 0.705 
9/28/2002 10:30 6.802 17.2 577 0.577 
10/2/2002 11:00 7.219 17.2 631 0.631 
10/9/2002 12:45 7.114 16.5 652 0.652 
10/23/2002 16:30 7.023 16 705 0.705 
11/6/2002 11:45 7.17 15.2 578 0.578 
11/13/2002 13:15 7.15 14.2 401 0.401 
11/20/2002 12:30 7.09 14.5 632 0.632 
12/4/2002 8:45 7.05 14.2 708 0.708 
12/11/2002 11:45 6.97 14.1 762 0.762 
12/18/2002 17:00 7.31 14.4 684 0.684 
1/9/2003 12:30 7.15 13.7 656 0.656 
1/15/2003 13:30 7.22 12.5 674 0.674 
1/22/2003 10:30 7.18 12.8 695 0.695 
1/29/2003 14:30 7.095 12.3 1081 1.081 
2/5/2003 10:30 7.08 12.4 865 0.865 
2/12/2003 12:00 7.05 12.4 856 0.856 
2/19/2003 12:15  12 825 0.825 
2/26/2003 10:15 7.16 13.8 652 0.652 
3/5/2003 11:25 7.15 14.7 665 0.665 
3/26/2003 13:15 6.81 12.8 636 0.636 
4/2/2003 11:25 7.06 12.7 712 0.712 
4/9/2003 9:30 7.12 12.7 732 0.732 
4/16/2003 11:25 7.34 13 739 0.739 
4/23/2003 11:30 6.968 12.7 740 0.74 
4/30/2003 13:00 7.255 13.4 707 0.707 
5/7/2003 10:15 6.735 12.2 615 0.615 
5/14/2003 12:00 7.188 14.5 601 0.601 
5/21/2003 15:00 6.984 13.8 608 0.608 
5/28/2003 8:30 7.235 14.4 702 0.702 
6/4/2003 10:00 7.124 15.2 550 0.55 
6/11/2003 11:15 7.05 15.8 603 0.603 
6/18/2003 11:10 7.15 15.6 612 0.612 
6/25/2003 10:35 6.95 16.2 626 0.626 
7/2/2003 9:45 7.01 15.7 655 0.655 
7/9/2003 8:30 6.86 15.6 672 0.672 
7/16/2003 12:00 6.95 16.6 712 0.712 
7/23/2003 8:45 6.9 16.7 728 0.728 
7/30/2003 8:50 7.15 15.5 713 0.713 
8/6/2003 8:15 7.25 15.3 702 0.702 
8/13/2003 8:30 7.63 16.4 711 0.711 
8/20/2003 9:00 7.45 16.9 698 0.698 
8/27/2003 8:45 7.05 16.4 675 0.675 
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9/3/2003 11:30 6.85 16.4 546 0.546 
9/10/2003 10:45 7.16 16.9 632 0.632 
9/17/2003 10:15 7.81 16.6 755 0.755 
9/24/2003 9:30 7.45 17.3 702 0.702 
10/1/2003 13:15 7.25 17.2 713 0.713 
10/8/2003 13:45 7.08 16.8 726 0.726 
10/15/2003 8:15 7.13 16.9 701 0.701 
10/22/2003 9:00 7.25 16.3 625 0.625 
10/29/2003 9:15 7.19 16.4 585 0.585 
11/5/2003 9:15 7.35 15.8 604 0.604 
11/12/2003 10:30 6.86 15.2 636 0.636 
11/19/2003 10:00 6.72 14.9 609 0.609 
11/26/2003 12:00 7.08 15.8 635 0.635 
12/3/2003 12:30 7.14 15.4 645 0.645 
12/10/2003 11:45 7.25 14.8 668 0.668 
12/17/2003 11:00 7.11 14.6 627 0.627 
12/24/2003 8:15 7.04 14.9 654 0.654 
12/31/2003 8:45 7.14 13.7 613 0.613 
1/7/2004 9:45 6.46 14.2 625 0.625 
1/14/2004 14:30 7.03 13.7 695 0.695 
1/21/2004 9:45 7.19 13.6 614 0.614 
1/28/2004 10:00 7.04 13.1 954 0.954 
2/4/2004 10:15 7.12 12.1 789 0.789 
2/11/2004 10:00 7.35 12.6 874 0.874 
2/18/2004 9:45 7.29 13.1 657 0.657 
2/25/2004 8:30 7.18 12.4 645 0.645 
3/3/2004 12:15 7.16 13.4 589 0.589 
3/10/2004 11:15 7.04 12.8 594 0.594 
3/17/2004 9:30 7.12 13.1 632 0.632 
3/24/2004 10:45 7.2 13.8 645 0.645 
Date Time pH Temp SC (µS/cm) SC (mS/cm) 
Field Parameters 
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Date Time pH Temp SC (µS/cm) SC (mS/cm) 
9/11/2002       
9/18/2002       
9/28/2002       
10/2/2002 11:30 7.59 19 428 0.428 
10/9/2002 13:30 7.17 14.4 436 0.436 
10/23/2002 17:00 6.896 16.1 458 0.458 
11/6/2002 12:30 7.18 14.2 368 0.368 
11/13/2002 14:00 7.15 14.2 401 0.401 
11/20/2002 13:15 7.13 14.2 372 0.372 
12/4/2002 10:25 7.09 13.4 402 0.402 
12/11/2002 13:00 6.54 13.5 425 0.425 
12/18/2002 16:30 6.83 13.2 410 0.41 
1/9/2003 14:30 7.01 13.2 392 0.392 
1/15/2003 12:45 7.7 12.2 408 0.408 
1/22/2003 12:00 7.32 12.6 398 0.398 
1/29/2003 15:15 6.82 12.2 378 0.378 
2/5/2003 11:45 6.97 12.4 389 0.389 
2/12/2003 1:45 7.12 13 423 0.423 
2/19/2003   13.3 396 0.396 
2/26/2003 11:30 7.06 12.9 392 0.392 
3/5/2003 12:45 6.97 13.2 401 0.401 
3/26/2003 12:45 6.965 12.5 333 0.333 
4/2/2003 12:30 7.06 12.8 378 0.378 
4/9/2003 10:45 7.2 13.6 387 0.387 
4/16/2003 12:45 7.94 15.1 380 0.38 
4/23/2003 12:45 7.421 14.7 399 0.399 
4/30/2003 13:00 7.44 13.5 411 0.411 
5/7/2003 11:45 6.86 13.1 401 0.401 
5/14/2003 1:30 6.98 12.7 356 0.356 
5/21/2003 16:00 6.75 13.5 379 0.379 
5/28/2003 10:48 7.15 13.9 388 0.388 
6/4/2003 11:00 7.25 13.1 396 0.396 
6/11/2003 12:00 7.31 13.5 386 0.386 
6/18/2003 12:30 7.26 13.9 409 0.409 
6/25/2003 11:45 7.13 13.4 395 0.395 
7/2/2003 10:30 6.96 13.6 403 0.403 
7/9/2003 10:00 6.75 13.2 355 0.355 
7/16/2003 1:30 6.86 13.6 364 0.364 
7/23/2003 9:45 6.91 13.4 394 0.394 
7/30/2003 10:00 7.08 13.7 403 0.403 
8/6/2003 9:30 7.01 13.5 399 0.399 
8/13/2003 9:45 6.95 13.2 394 0.394 
8/20/2003 10:15 7.13 13.2 423 0.423 
8/27/2003 10:30 7.13 13.8 403 0.403 
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9/3/2003 12:30 7.02 13.4 412 0.412 
9/10/2003 12:15 7.13 13.9 398 0.398 
9/17/2003 11:30 7.45 13.4 375 0.375 
9/24/2003 10:45 7.56 13.9 369 0.369 
10/1/2003 14:45 7.36 14.2 401 0.401 
10/8/2003 15:00 7.25 13.4 428 0.428 
10/15/2003 9:00 6.85 13.5 393 0.393 
10/22/2003 10:00 7.12 13.5 405 0.405 
10/29/2003 9:45 7.25 13.4 385 0.385 
11/5/2003 10:30 7.01 13.4 396 0.396 
11/12/2003 11:30 7.65 13.2 412 0.412 
11/19/2003 11:30 7.44 13.8 408 0.408 
11/26/2003 1:15 7.06 14.1 396 0.396 
12/3/2003 1:45 6.98 13.6 364 0.364 
12/10/2003 12:30 6.75 13.4 369 0.369 
12/17/2003 12:30 7.23 13.1 389 0.389 
12/24/2003 9:30 7.14 12.8 409 0.409 
12/31/2003 10:00 7.56 12.7 411 0.411 
1/7/2004 10:45 7.09 13.4 387 0.387 
1/14/2004 15:15 6.87 13.6 398 0.398 
1/21/2004 11:00 6.96 13 364 0.364 
1/28/2004 11:00 7.06 12.5 402 0.402 
2/4/2004 12:30 7.04 12.9 413 0.413 
2/11/2004 11:45 7.11 13.7 426 0.426 
2/18/2004 10:30 7.24 13.3 435 0.435 
2/25/2004 9:45 7.65 14 418 0.418 
3/3/2004 1:30 7.34 14.5 407 0.407 
3/10/2004 1:15 7.24 13.9 396 0.396 
3/17/2004 11:00 7.11 14 388 0.388 
3/24/2004 12:00 7.09 14.8 391 0.391 
Date Time pH Temp SC (µS/cm) SC (mS/cm) 
Field Parameters 
 
SP-2 (cont’d) 
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